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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 


In re: 

U.S. Patent No. 5,654,301 

Inventor: 

KOHN, Harold et al. 

Issue Date: 

August 5, 1997 

For: 

AMINO ACID DERIVATIVE ANTICONVULSANT 

Assignee: 

Research Corporation Technologies, Inc. 

Date: 

December 23, 2008 


Attorney Docket: 32555-0002-2 

NDA: NDA 22-254 (VIMPAT® injection) 



Mail Stop Hatch-Waxman PTE 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

TRANSMITTAL FOR APPLICATION FOR EXTENSION OF PATENT 

Sir: 

Transmitted herewith for filing is an Application For Extension of Patent Term Under 35 
U.S.C. §156 with respect to the above-identified patent. 

Applicant, the assignee of the above-referenced patent, on this day has filed 
simultaneously four related applications for extension of patent term under 35 U.S.C. §156, 
including the present application referenced in the header above. These four patent term 
extension applications relate to different combinations of U.S. Patent nos. Re38,551 and 
5,654,301 and FDA approvals for New Drug Application nos. NDA 22-253 and NDA 22-254. 
The four patent term extension applications are summarized in the following table. 


12/24/2000 NNGUYEN1 00000027 501349 5654301 

01 KC: 1457 1120.00 DA 


U.S. Patent No. 5,654,301 

Transmittal Application for Extension of Patent 


Attorney Docket No. 

Patent No. 

NDA No. 

Approved Product 

32555-0002-1 

Re38,551 

NDA22-253 

VIMPAT* (lacosamide) tablet 

32555-0002-2 

5,654,301 

NDA 22-254 

VIMPAT® (lacosamide) injection 

32555-0002-3 

Re38,551 

NDA 22-254 

VIMPAT® (lacosamide) injection 

32555-0002-4 

5,654,301 

NDA 22-253 

VIMPAT* (lacosamide) tablet 


Applicant asserts that it has the right, under 35 U.S.C. § 156, to extend two patents 
relating to VIMPAT® (lacosamide) because two NDAs, NDA 22-253 and NDA 22-254 for 
V1MPAT® (lacosamide) tablet and VIMPAT® (lacosamide) injection, respectively, were 
approved on the same day, namely October 28, 2008, and because there were no approvals of 
lacosamide that occurred prior to October 28, 2006. As such, Applicant has submitted the above 
four applications for patent term extension with the goal of ultimately obtaining one patent term 
extension for each of U.S. Patent nos. Re38,551 and 5,654,301. 

Applicant respectfully requests that if the Commissioner determines that both of U.S. 
Patent nos. Re38,551 and 5,654,301 are entitled to a patent term extension under the same 
regulatory review period or periods (i.e., for the same NDA(s)), and/or determines that at least 
one of U.S. Patent nos. Re38,551 and 5,654,301 is entitled to a patent term extension under both 
regulatory review periods (i.e., for both of the two NDA approvals), that the Commissioner 
establish a time period in accord with the policies set forth in MPEP § 2761 within which the 
Applicant will be permitted to elect the patent and product combination(s) for which extension is 
desired and/or to voluntarily withdraw applications. At that time, Applicant will elect and 
withdraw applications for patent term extension, as appropriate, to ensure that only one patent is 
extended for each NDA, and such that a given patent obtains only one extension under 35 U.S.C. 
§ 156. 













U.S. Patent No. 5,654,301 

Transmittal Application for Extension of Patent 


Applicant respectfully requests that if the Commissioner does not share Applicant’s view 
that it is entitled under 35 U.S.C. § 1 56 to extend a different patent for each of the two above- 
identified simultaneously-approved NDAs, that the Commissioner direct the Office to contact the 
undersigned attorney. 


In light of the above, and in accordance with the requirements of 35 U.S.C. § 156, 
attached for the patent and NDA approval identified in the above header are the following: 

1 ) Application For Extension of Patent Term (including Exhibits A-F) - application 
15 pages and Exhibits 155 pages for 170 pages total; 

2) Extra copy 1 of Application for Extension of Patent Term (including Exhibits A- 
F) - application 1 5 pages and Exhibits 1 55 pages for 1 70 pages total; and 

3) Extra copy 2 of Application for Extension of Patent Term (including Exhibits A- 
F) - application 15 pages and Exhibits 155 pages for 170 pages total. 

Please charge my Deposit Account No. 50-1349 the amount of $1,120.00, which is 
believed to be the appropriate fee for a patent term extension as established by 37 C.F.R. § 
1200 ),. 

The Commissioner is hereby authorized to charge payment of any fees associated with or 
necessary for the prosecution of this patent term extension application, including debiting 
any deficit or crediting any overpayment relating to the fee identified above, to Deposit 
Account No. 50-1349. 


Respectfully submitted, 

HOGAN & HARTSON LLP 


Dated: December 23, 2008 

HOGAN & HARTSON LLP 

555 Thirteenth Street, N.W. 
Washington, D.C. 20004 
Telephone: 202-637-6466 
Facsimile: 202-637-5910 
e-mail: kgshaw@hhlaw.com 
Customer No. 24633 



G. Shaw 

Registration No. 43,1 10 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 


In re: 

Inventor: 
Issue Date: 
For: 

Assignee: 

Date: 


U.S. Patent No. 5,654,301 

KOHN, Harold et al. 

August 5, 1997 

AMINO ACID DERIVATIVE ANTICONVULSANT 
Research Corporation Technologies, Inc. 

December 23, 2008 


Attorney Docket: 32555-0002-2 

NDA: NDA 22-254 (VIMPAT® injection) 


Mail Stop Hatch-Waxman PTE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 


APPLICATION FOR EXTENSION OF PATENT 
TERM UNDER 35 U.S.C. $156 

Commissioner for Patents: 

Applicant, Research Corporation Technologies, Inc., a non-profit corporation 
organized and existing under the laws of Delaware, and having a principal place of business at 
5210 E. Williams Circle, Suite 240, Tucson, Arizona 8571 1-4410, represents that it is the owner 
of the entire interest in and to U.S. Patent No. 5,654,301, granted to Harold Kohn and Darrell 
Watson for “Amino Acid Derivative Anticonvulsant,” as reflected in the assignment document 
recorded by the U.S. Patent and Trademark Office on January 12, 1993 at Reel 006433, Frame 
0347. Attached at Exhibit A is a Power of Attorney document appointing the undersigned 
patent attorney as legal representative of Applicant. 

Schwarz Biosciences, Inc. (“Schwarz”), a corporation of the state of Delaware 
and having a place of business at 1209 Orange St., Wilmington, DE 19801, is the owner of a 
New Drug Application (“NDA”) for VIMPAT® injection, NDA number NDA 22-254. Schwarz 



U.S. Patent No. 5,654,301 
Application for Extension of Patent Term 
Attorney Docket 32555-0002-2 

Pharma AG (“SPAG”), having its registered office at Alfred-Nobel Strasse 10, 40789 Monheim, 
Germany, has exclusive license rights under U.S. Patent No. 5,654,301 to lacosamide, R-2- 
Acetamido-N-benzyl-3-methoxypropionamide. Schwarz and SPAG are related companies, 
being wholly owned by UCB S.A., which has its registered office at Allee de la Recherche 60, 
1070 Brussels, Belgium. Attached at Exhibit B is a Letter of Reliance document granting to the 
Applicant from Schwarz the right to rely upon NDA 22-254 and the activities of SPAG and its 
predecessors in interest supporting FDA approval of VIMPAT® injection for purposes of 
obtaining any and all patent term extensions available in conjunction with the approval of 
VIMPAT® injection. 

Applicant, acting through its duly authorized attorney, hereby submits this 
application for extension of patent term under 35 U.S.C. §156, based upon the approval by the 
Food and Drug Administration for commercial marketing or use of VIMPAT® injection, since 
the active ingredient of VIMPAT® injection is lacosamide and lacosamide falls within the ambit 
of the claims of U.S. Patent No. 5,654,301. The information contained in this Application and its 
Exhibits is provided in accordance with the rules promulgated by the U.S. Patent and Trademark 
Office at 37 CFR §§1.710-1.785 and presented in the manner set forth at 37 CFR §1.740. 

1. A Complete Identification Of The Approved Product As By Appropriate 

Chemical And Generic Name, Physical Structure Or Characteristics 

The approved product, VIMPAT® injection, contains lacosamide as its active 
ingredient and is indicated for adjunctive therapy in the treatment of partial-onset seizures in 
patients with epilepsy aged 17 years and older when oral administration is temporarily not 
feasible. The IUPAC chemical name of lacosamide is (R)-2-acetamido-N-benzyl-3- 
methoxypropionamide. Lacosamide has the empirical formula C 13 H 18 N 2 O 3 , and has a molecular 
weight of 250.30. Lacosamide is present in VIMPAT® injection in the form of a single (R)- 
enantiomer, and has the structural formula: 
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Lacosamide is prepared as a white to light yellow powder that is sparingly soluble in acetonitrile 
and ethanol. The approved product is formulated for intravenous injection as a clear, colorless, 
sterile solution containing 10 mg lacosamide per mL for intravenous infusion. One 20 mL vial 
contains 200 mg of lacosamide, plus inactive ingredients sodium chloride and water for 
injection. Hydrochloric acid is used for pH adjustment, giving VIMPAT® injection a pH of 3.5 
to 5.0. The initial recommended dosage regimen is 100 mg of lacosamide infusion per day, and 
dosage can be increased, such as at weekly intervals of 100 mg/day, until a maintenance dose of 
200 to 400 mg/day (based upon individual patient response and tolerability) is reached. 

2. A Complete Identification Of The Federal Statute Including The Applicable 
Provisions Of Law Under Which The Regulatory Review Occurred 

The approved product, VIMPAT® injection, was subject to regulatory review 

under Section 505 of the Federal Food, Drug, and Cosmetic Act (21 U.S.C. §355). 

3. An Identification Of The Date On Which The Product Received Permission For 
Commercial Marketing Or Use Under The Provision Of Law Under Which The 
Applicable Regulatory Review Period Occurred 

The approved product, VIMPAT® injection, received permission for commercial 
marketing or use under Section 505 of the Federal Food, Drug, and Cosmetic Act (21 U.S.C. 
§355) on October 28, 2008. A copy of a letter from the Food and Drug Administration (“FDA”) 
indicating the date of approval is attached hereto at Exhibit C. 
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4. In The Case Of A Drue Product. An Identification Of Each Active Ingredient In 
The Product And As To Each Active Ingredient, A Statement That It Has Not 
Been Previously Approved For Commercial Marketing Or Use Under The Federal 
Food, Drug, and Cosmetic Act. The Public Health Service Act. Or The Virus- 
Serum-Toxin Act. Or A Statement Of When The Active Ingredient Was 
Approved For Commercial Marketing Or Use (Either Alone Or In Combination 
With Other Active Ingredients'), The Use For Which It Was Approved. And The 
Provision Of Law Under Which It Was Approved 

The active ingredient in VIMPAT® injection is lacosamide, which has not been 
previously approved for commercial marketing or use under the Federal Food, Drug, and 
Cosmetic Act, the Public Health Service Act, or the Virus-Serum-Toxin Act. 


5. A Statement That The Application Is Being Submitted Within The Sixty Day 
Period Permitted For Submission Pursuant to 37 CFR § 1.720(f) And An 
Identification Of The Date Of The Last Day On Which The Application Could Be 
Submitted 

This application is being submitted within the permitted sixty (60) day period, the 
last day of which is December 26, 2008. 


6. A Complete Identification Of The Patent For Which An Extension Is Being 
Sought By The Name Of The Inventor, The Patent Number. The Date Of Issue, 
And The Date Of Expiration 

The complete identification of the patent for which extension is sought is: 


Inventors: 

Patent Number: 
Issue Date: 
Expiration Date: 


Harold Kohn, and Darrell Watson 

5,654,301 

August 5, 1997 

August 5, 2014 (without extension under 35 U.S.C. §156) 


7. A Copy Of The Patent For Which An Extension Is Being Sought. Including The 
Entire Specification (Including Claims) And Drawings 

A complete copy of U.S. Patent No. 5,654,301 is annexed as Exhibit D. 

8. A Copy Of Any Disclaimer. Certificate of Correction. Receipt Of Maintenance 
Fee Payment, Or Reexamination Certificate Issued In The Patent 

The patent for which extension is being sought has not been the subject of any 

disclaimer or reexamination certificate, but has had a certificate of correction duly issued by the 
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U.S. Patent and Trademark Office. A copy of the certificate of correction, dated November 27, 
2001, is included at the end of the copy of U.S. Patent No. 6,654,301 annexed as Exhibit D. The 
first two scheduled maintenance fees for U.S. Patent 5,654,301 were duly paid on February 2, 
2001 and December 3, 2004 by Applicant, and the next maintenance fee is due to be paid by 
February 6 , 2009. Copies of the maintenance fee statements evidencing past payments are 
annexed as Exhibit E. 

9. A Statement That The Patent Claims The Approved Product Or A Method Of 
Using Or Manufacturing The Approved Product. And A Showing Which Lists 
Each Applicable Patent Claim And Demonstrates The Manner In Which At Least 
One Such Patent Claim Reads On The Approved Product Or Method Of Using Or 
Manufacturing The Approved Product 

U.S. Patent No. 5,654,301 claims the approved product, VIMPAT® injection. 
More specifically, claims 39-45 read on the approved product and claim the active ingredient of 
the final approved product lacosamide, claim 46 reads on the approved product and claims a 
composition comprising lacosamide, and claim 47 reads on methods that comprise using 
lacosamide for treatment of CNS (i.e., central nervous system) disorders. Claim 39, covering a 
compound, is compared to the approved product in the table below. 


Patent Claim 

Approved Product 

39. A compound of the formula 

Bis 

R — NH(C— CNMjC — Ri 

ii i ii 

Q Rj A 

or the pharmaceutically 

acceptable salts thereof wherein R is aryl, aryl 
lower alkyl, heterocyclic, heterocyclic lower 
alkyl, cycloalkyl or lower cycloalkyl lower 
alkyl, wherein R is unsubstituted or is 
substituted with at least one electron 

The active ingredient of the approved 
product is lacosamide, which is (R)- 
2-acetamido-N-benzyl-3- 
methoxypropionamide. Lacosamide 
has the structural formula identified 
above in Section 1 of this 
application. Comparison of the 

structural formula above with that in 
claim 39 shows that the benzyl group 
at the far right of the structural 
formula identified above in Section 1 
is an unsubstituted aryl lower alkyl 
and thus satisfies the claim’s 
definition of “R.” The -CH 3 group at 
the far left of the structure in Section 
1 is a lower alkyl that satisfies the 
claim’s definition of “Ri.” The two 
double-bonded oxygen atoms satisfy 
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withdrawing group or an electron donating 
group; 

Ri is hydrogen or lower alkyl and 
Ri is unsubstituted or substituted with at least 
one electron withdrawing group or at least one 
electron donating group; 

A and Q are both O; 

one of R 2 and R 3 is hydrogen and 
the other is lower alkyl which is substituted with 
an electron donating group or a electron 


the claim’s definition of both “A” 
and “Q.” The central chiral carbon 
atom is bonded to a hydrogen and a - 
CH2OCH3 group (a lower alkyl 
substituted with a methoxy group), 
thus satisfying the claim’s 
requirement that one of R 2 and R 3 be 
a hydrogen while the other of R 2 and 
R 3 is a lower alkyl substituted with 
an electron donating group. A lower 
alkoxy, such as a -OCH3 group, is 
defined by dependent claim 43 and 
the specification as a suitable 
electron donating group. 
Lacosamide qualifies as a chemical 
defined by claim 39 when n is equal 
to 1 . 


withdrawing group and n is 1-4. 


Claim 46, covering a therapeutic composition, is compared to the approved product in the table 
below. 


Patent Claim 

Approved Product 

46. An anti-convulsant 

composition comprising an anti-convulsant 
effective amount of a compound from any one 
of claim 37-42 and a pharmaceutical carrier 
therefor. 

The active ingredient of the approved 
product is lacosamide, and 

lacosamide falls within the scope of 
claim 39 as indicated above. The 
approved product is a composition 
for intravenous injection that 
contains a pharmaceutical carrier, 
water and sodium chloride. 


Claim 47, covering a method of treating central nervous system disorders, is compared to the 
approved product and its indicated use in the table below. 


Patent Claim 

Approved Product 

47. A method of treating CNS 
disorders in an animal comprising administering 
to said animal an anti-convulsant effective 
amount of a compound of any one of claims 39- 

The active ingredient of the approved 
product is lacosamide, and 

lacosamide falls within the scope of 
claim 39 as indicated above. 
Lacosamide is an anticonvulsant 
approved for the treatment of partial- 
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onset seizures in patients with 
epilepsy, which is a central nervous 
system (“CNS”) disorder. 
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10. A Statement, Beginning On A New Page, Of The Relevant Dates And 
Information Pursuant To 35 U.S.C. $ 156(g) In Order To Enable The Secretary Of 
Agriculture, As Appropriate, To Determine The Applicable Regulatory Review 
Period As Follows (i): For A Patent Claiming A Human Drug Product, Antibiotic, 
Or Human Biological Product. The Effective Date Of The Investigational New 
Drug (IND) Application And The IND Number; The Date On Which A New 
Drug Application (NDA) Or A Product License Application (PLA) Was Initially 
Submitted And The NDA Or PLA Number And The Date On Which The NDA 
Was Approved Or The Product License Issued 

Schwarz Biosciences, Inc. was notified via telephone that the IND for VIMPAT® 
injection (IND 68,407) became effective on November 14, 2003, and received a letter dated 
December 24, 2003 from the FDA confirming that IND 68,407 became effective on that earlier 
date. For purposes of this application for patent term extension, the Applicant is entitled to an 
IND date of at least as early as November 14, 2003.' The NDA (NDA 22-254) for VIMPAT® 
injection was initially submitted to the Food and Drug Administration on September 28, 2007 
and was approved on October 28, 2008. 


1 A predecessor in interest to Schwarz, Harris FRC Corp., previously filed IND 57,939 for VIMPAT® (lacosamide) 
tablet. IND 57,939 became effective on May 19, 1999, and was followed by NDA 22-253 on September 28, 2007. 
NDA 22-253 was approved on October 28, 2008 for VIMPAT® (lacosamide) tablet. Both NDA approvals (for NDA 
22-253 and NDA22-254) rely upon the same Phase I safety & tolerance studies for lacosamide. (See Exhibit F, page 
1 for “IND 68,407 Submissions” chart indicating on October 15, 2003 a cross-referencing was made to "all 
preclinical and clinical reports from oral IND"). Applicant understands that, where multiple INDs are in effect, and 
data from such multiple INDs was material to the determination to approve the product, it is the policy of the FDA 
to consider whether it would be appropriate to define the testing phase as having begun when the first IND became 
effective. Applicant therefore submits that an earlier IND effective date, namely May 19, 1999, may be appropriate 
for use in calculating the full term of the regulatory review period for this patent term extension application. 
Applicant will supplement this application with additional information concerning IND 57,939 and/or NDA 22-253 
upon request by the Patent Office and/or the FDA. 
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11. A Brief Description Beginning On A New Page Of The Significant Activities 
Undertaken By The Marketing Applicant During The Applicable Regulatory 
Review Period With Respect To The Approved Product And The Significant 
Dates Applicable To Such Activities 

A brief description of significant activities undertaken by the marketing applicant 
during the regulatory review period with respect to the approved product is annexed as Exhibit 
F. This exhibit provides a chronology of the major communications between the marketing 
applicant and the Food and Drug Administration, including a brief summary of the subject matter 
and date of these communications. 

Applicant reserves the right to supplement the chronology of Exhibit F with 
materials from which it was derived or other evidence related to Applicant’s conduct in obtaining 
the approval of VIMPAT® injection. See, e.g., 21 CFR § 60.32. 
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12. A Statement Beginning On A New Page That In The Opinion Of The Applicant 
The Patent Is Eligible For The Extension And A Statement As To The Length Of 
The Extension Claimed. Including How The Length Of Extension Was 
Determined 

Applicant is of the opinion that U.S. Patent No. 5,654,301 is eligible for extension 
under 35 U.S.C. § 156, because it satisfies all of the requirements for such extension as follows: 

a. 35 U.S.C. S 156(a): 37 CFR SI. 720(a) 

U.S. Patent No. 5,654,301 claims a product, and a method of using a 
product. 

b. 35 U.S.C. $156(aYn: 37 CFR $1. 720(g) 

The term of U.S. Patent No. 5,654,301 has not expired before submission 
of this application. 

c. 35 U.S.C. SI 56(a)(2): 37 CFR 51.720(b) 

The term of U.S. Patent No. 5,654,301 has never previously been extended 
under 35 U.S.C. §156. 

d. 35 U.S.C. 5156(a)(3): 37 CFR §1.730 

This application for extension is submitted by the authorized agent or the 
owner of record in accordance with the requirement of 35 U.S.C. § 156(d) 
and the rules of the U.S. Patent and Trademark Office. 

e. 35 U.S.C. 5156(a)(4): 37 CFR SI. 720(d) 

The product VIMPAT® injection has been subject to a regulatory review 
period as defined in 35 U.S.C. § 156(g) before its commercial marketing or 
use. 
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f. 35 U.S.C. S156(a¥5¥Al; 37 CFR §1.720(e¥i) 

The commercial marketing or use of the product VIMPAT® injection after 
the regulatory review period is the first permitted commercial marketing 
or use of the product under the provision of the Federal Food, Drug, and 
Cosmetics Act (21 U.S.C. §360) under which such regulatory review 
period occurred. 

g. 35 U.S.C. §156tc¥4¥ 37 CFR $ 1.720(h) 

No other patent has been extended for the same regulatory review period 
for the product VIMPAT® injection. 

h. 35 U.S.C. §156(d¥l¥ 37 CFR SI. 720(f) 

This application is submitted within the permitted 60 day period beginning 
on the date the product first received permission for commercial marketing 
or use. 

Applicant is of the opinion that U.S. Patent No. 5,654,301 is eligible for extension 
under 35 U.S.C. § 156 for 1104 days, as determined pursuant to 37 CFR §1.775 as follows: 

Patent Information : 

Patent 5,654,301 Issue Date 
Earliest non-provisional priority date 
Days Extension under 35 U.S.C. 154(b) 

FDA Information : 

Date IND Became Effective 
Date NDA Submitted to the FDA 
Date NDA Approved by the FDA 


August 5, 1997 
February 15, 1985 
0 


November 14, 2003 
September 28, 2007 
October 28, 2008 
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IND Period : 

Start Date of Regulatory Review Period 
IND Period (days) 

'A IND Period (days) 


November 14, 2003 

1414 

707 


Regulatory Review Period Allowed : 

NDA Review Period (days) 397 

Regulatory Review Period (days) 1811 

Reg. Rev. Period less !4 IND period (days) 1104 


Statutory Limitations : 

Patent Expiration Date (17 year term) 

Expiration under 5 year extension limitation (Date 1) 
Expiration under 14 from NDA approval limitation (Date 2) 
Expiration based upon full review period (Date 3) 

Final Expiration Date (Earliest of Date 1, Date 2, or Date 3) 
Maximum Extension in Days: 


August 5, 2014 
August 5, 2019 
October 28, 2022 
August 13, 2017 
August 13, 2017 
1104 2 


2 

All calculations above are performed assuming that November 14, 2003 is the appropriate date for when the 
relevant regulatory review period started. As noted above in footnote 1 on page 8, it is possible that the FDA could 
determine that a date as early as May 19, 1999 is the appropriate date for the start of the regulatory review period. 
Should that earlier date, or another earlier date, in fact be the appropriate start date for the regulatory review period, 
then Applicant would be entitled to a longer calculated review period, and thus a later “Date 3” above. For example, 
should the applicable regulatory review period be determined to have started on May 19, 1999, then the IND period 
will have lasted 3054 days, and the full regulatory review period will have lasted 3451 days. Thus, the regulatory 
review period less X A IND period as calculated would be 1924 days. This would make the expiration of patent no. 
5,654,301 based upon the f\ill regulatory review period (Date 3) be November 1 1, 2019. In this scenario, Applicant 
would be entitled to a full five-year extension of patent no. 5,654,301, making it expire August 5, 2019 (i.e, Date 1 
above). 
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13. A Statement That Applicant Acknowledges A Duty To Disclose To The 
Commissioner Of Patents And Trademarks And The Secretary Of Health And 
Human Services Any Information Which Is Material To The Determination Of 
Entitlement To The Extension Sought 

Applicant acknowledges a duty to disclose to the Commissioner of Patents and 
Trademarks and the Secretary of Health and Human Services any information which is material 
to any determinations of entitlement to the extension sought in the Application. 

14. The Prescribed Fee For Receiving And Acting Upon The Application For 
Extension 

The prescribed fee pursuant to 37 CFR §1.20(j) for receiving and acting upon this 
application is to be charged to the Deposit Account of Applicant’s undersigned attorney as 
authorized in the attached letter. 

15. The Name, Address. And Telephone Number Of The Person To Whom Inquiries 
And Correspondence Relating To The Application For Patent Term Extension 
Are To Be Directed 

Please address all correspondence to: 

Kevin G. Shaw 

Hogan & Hartson, LLP 

555 Thirteenth St., NW 

Washington, DC 20004 

16. A Duplicate Of The Application Papers, Certified As Such 

Applicant hereby certifies that this application for extension is being filed in 

triplicate. 

17. An Oath Or Declaration 

Applicant, through its undersigned patent attorney authorized to practice before 
the Patent and Trademark Office and who has general authority from the agent or owner to act 
on behalf of the agent or owner in patent matters, being duly warned that willful false statements 
are punishable by fine or imprisonment or both under section 1001 of Title 18, United States 
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Code and that willful false statements and the like may jeopardize the validity of this application 
and the patent to which it relates, states and declares that the following statements made based on 
his own knowledge are true and that all statements made on information and belief are believed 
to be true: 


(1) The undersigned is registered to practice before the Patent and Trademark 
Office and is making this declaration as a patent attorney who has general 
authority to act on behalf of the applicant in patent matters. 

(2) The undersigned has reviewed and understands the contents of the 
application being submitted pursuant to this section; 

(3) The undersigned believes the patent is subject to an extension pursuant to 
37 C.F.R. § 1.710 in the event of NDA approval and, in the interim, is 
subject to an extension pursuant to 37 C.F.R. § 1.790; 

(4) The undersigned believes an extension of the length claimed is justified 
under 35 U.S.C. 156 and the applicable regulations; and 

(5) The undersigned believes the patent for which extension is being sought 
meets the conditions for extension of the term of a patent as set forth in 37 
C.F.R. § 1.720 in the event of NDA approval, and meets the requirements 
for an interim extension of a patent set forth in 37 C.F.R. § 1.790. 

If this application for extension of patent term is held to be informal, applicant 
may seek to have that holding reviewed by filing a petition with the required fee, as necessary, 
pursuant to 37 C.F.R. §§ 1.181, 1.182 or 1.183, as appropriate, within such time as may be set in 
any notice that the application has been held to be informal, or if no time is set, within one month 
of the date on which the application was held informal. 
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Email: kgshaw@hhlaw.com 
Customer No.: 24633 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 


In re: 
Inventor: 
Issue Date: 
For: 

Assignee: 


U.S. Patent No. 5,654,301 
KOHN, Harold et al. 

August 5, 1997 

AMINO ACID DERIVATIVE ANTICONVULSANT 
Research Corporation Technologies, Inc. 


Attorney Docket: 32555-0002-2 


POWER OF ATTORNEY FOR PATENT TERM EXTENSION APPLICATION 


Research Corporation Technologies, Inc., a non-profit corporation organized and 
existing under the laws of Delaware, and having a principal place of business at 5210 E. 
Williams Circle, Suite 240, Tucson, Arizona 85711-4410, represents that it is the owner of the 
entire interest in and to U.S. Patent No. 5,654,301, granted to Harold Kohn and Darrell Watson 
for “Amino Acid Derivative Anticonvulsant,” as reflected in the assignment document recorded 
by the U.S. Patent and Trademark Office on January 12, 1993 at Reel 006433, Frame 0347. 

Research Corporation Technologies, Inc. hereby revokes all previous powers of 
attorney and appoints Kevin G. Shaw and the registered practitioners of Hogan & Hartson, 
L.L.P. included in the Customer Number provided below to prosecute this patent term extension 
application and to transact all business in the Patent and Trademark Office connected therewith, 
and further directs that all correspondence be addressed to Kevin G. Shaw at that Customer 
Number. The undersigned, acting in the official capacity stated below, has authority to does 
hereby execute this document on behalf of Research Corporation Technologies, I nc. 



U.S. Patent No. 5,654,301 
Power of Attorney 


Customer Number: 24633 




President & CEO 

Research Corporation Technologies. Inc. 
5210 E. Williams Circle, Suite 240 
Tucson, AZ 
85711-4410 


Please direct all inquiries to: 

Keviii G. Shaw 
Telephone: (202) 637-6466 
Facsimile: (202)637-5910 


December 17, 2008 
Date 


? 
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SCHWARZ 

LETTER OF RELIANCE PHARMA 

A member of the DCS Group, Inc. 

Mail Stop Hatch-Waxman PTE 
Office of Patent Legal Administration 
Room MDW 7D55 

600 Dulany Street (Madison Building) 

Alexandria, VA 22314 

Attn: Mary C. Till, Examiner 

Office of Patent Legal Administration 


Schwarz Biosciences, Inc. (having its registered office at 1209, Orange 
Street, Wilmington, Delaware 19801, USA; "SBI") is directly held by UCB Inc. 
(having its registered office at 1209, Orange Street, Wilmington, Delaware 
19801, USA), the latter being a directly and indirectly wholly-owned 
subsidiary of UCB Holdings, Inc. (having its registered office at 1209, 

Orange Street, Wilmington, Delaware 19801, USA) which is directly wholly- 
owned subsidiary of UCB S.A. (having its registered office at Allee de la 
Recherche 60, 1070 Brussels, Belgium). 

Schwarz Pharma AG (having its registered office at Alfred-Nobel Strasse 10, 
40789 Monheim, Germany; "SPAG") is directly held by UCB SP GmbH 
(having an office at Alfred-Nobel Strasse 10, 40789 Monheim, Germany) 
which is a directly wholly-owned subsidiary of UCB GmbH (having its 
registered office at Alfred-Nobel Strasse 10, 40789 Monheim, Germany), the 
latter being directly and indirectly held by UCB S.A. (having its registered 
office at Allee de la Recherche 60, 1070 Brussels, Belgium). 

SPAG has exclusive license rights regarding lacosamide, R-2-Acetamido-N- 
benzyl-3-methoxypropionamide, under U.S. Patent Nos. Re38,551 and 
5,654,301, as sublicensee of Harris FRC Corporation (having an office at 
2137 Route 35 Holmdel, New Jersey 07733; "Harris FRC") that is licensee 
from Research Corporation Technologies, Inc. (having an office at 5210 E. 
Williams Circle, Suite 240, Tucson, Arizona 85711-4410; "RCT"). Hence, 
SPAG, Harris FRC, and RCT are sublicensee, licensee and assignee, 
respectively, of U.S. Patent Nos. Re38,551 and 5,654,301. 

SBI, as NDA holder, authorizes RCT to rely on activities of SBI and its 
predecessors in interest relating to FDA approval of VIMPAT® lacosamide 
products as adjunctive therapy in treatment of partial-onset seizures in 
patients with epilepsy, in Tablet form under NDA 22-253 and in Injection 
form under NDA 22-254, in support of RCT's intension to apply for 
extension of patent term of U.S. Patent Nos. Re38,551 and 5,654,301,as 
provided under 35 U.S.C. §156(d) (1), 37 C.F.R. §1.730 and MPEP 2752. 


SCHWARZ BtOSCfENCES. Inc. A member of the UCB Croup t Inc. 

(Aall P.0. Box 1 10167 ■ Research Triangle Park ■ NC 27709 • Via Courier 80l0Arco Corporate Drive • Suite 100 ■ Raleigh • NC 27617 • USA 
Phone +1 919 767 2555 ■ Toll Free + 1 866 724 2467 • Fox +1 919 767 25 70 • www.scfiwarzpharmo.com ■ www.ucb-froup.conj 



SCHWARZ 


PHARMA 

Authorized by Schwarz Biosciences, Inc. 



Senior Director, U.S. Regulatory Affairs 
On behalf of Schwarz Biosciences, Inc. 


Date: 


cc: Research Corporation Technologies, Inc. 
cc: Harris FRC Corporation 
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DEPARTMENT OF HEALTH & HUMAN SERVICES 


Public Health Service 

Food and Drug Administration 
Rockville, MD 20857 


NDA APPROVAL 

NDA 22-253 
NDA 22-254 


Schwarz Biosciences, Inc. 

Attention: Alan Blumberg 

Senior Director, US Regulatory Affairs 
P.O. Box 110167 

Research Triangle Park, NC 27709 


Dear Mr. Blumberg: 

Please refer to your new drug applications (NDAs) dated September 28, 2007, received 
September 28, 2007, submitted under section 505(b) of the Federal Food, Drug, and Cosmetic 
Act (FDCA), for Vimpat (lacosamide) Tablets, 50 mg, 100 mg, 1 50 mg, and 200 mg, and 
Vimpat (lacosamide) Injection, 200 mg per 20 ml. 

We acknowledge receipt of your additional submissions dated: 


November 26, 2007 
December 13, 2007 
January 23, 2008 
February 13, 2008 
February 22, 2008 


March 20, 2008 
April 3, 2008 
April 9, 2008 
April 14, 2008 
April 18, 2008 


April 30, 2008 
May 9, 2008 
May 27, 2008 
June 1 1 , 2008 
July 11,2008 (2) 


July 17, 2008 
July 30, 2008 
August 1 , 2008 
August 14, 2008 
August 27, 2008 


September 4, 2008 
September 23, 2008 
October 1 5, 2008 
October 2 1 , 2008 


These new drug applications provide for the use of Vimpat (lacosamide) as follows: 


• Vimpat (lacosamide) Tablets as adjunctive therapy in the treatment of partial-onset seizures 
in patients with epilepsy aged 17 years and older. 

• Vimpat (lacosamide) Injection as adjunctive therapy in the treatment of partial-onset seizures 
in patients with epilepsy aged 17 years and older when oral administration is temporarily not 
feasible. 

We have completed our review of these applications, as amended. They are approved, effective 
on the date of this letter, for use as recommended in the enclosed agreed-upon labeling text. 
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Your applications for Vimpat (lacosamide) Tablets and Injection (NDA 22-253, 22-254) were 
not referred to an FDA advisory committee because your products are members of the class of 
previously approved anti-epileptic drugs and the products did not pose unique concerns beyond 
those applicable to other members of this class. 

REQUIRED PEDIATRIC ASSESSMENTS 

Under the Pediatric Research Equity Act (PREA) (21 U.S.C. 355c), all applications for new 
active ingredients, new indications, new dosage forms, new dosing regimens, or new routes of 
administration are required to contain an assessment of the safety and effectiveness of the 
product for the claimed indication(s) in pediatric patients unless this requirement is waived, 
deferred, or inapplicable. 

We are waiving the pediatric study requirement for ages 0 to 1 month for these applications 
because necessary studies are impossible or highly impracticable because there are too few 
children with partial onset seizures in this age group to study. 

In addition, we are deferring submission of your pediatric studies in partial onset seizures for 
ages 1 month up to 17 years for this application because this product is ready for approval for use 
in adults and the pediatric studies have not been completed. 

Your deferred pediatric studies required by section 505B(a) of the FDCA are required 
postmarketing studies. The status of these postmarketing studies must be reported annually 
according to 21 CFR 314.81 and section 505B(a)(3)(B) of the FDCA. These required studies are 
listed below. 

1 . Deferred pediatric studies under PREA for the adjunctive treatment of partial onset seizures 
in pediatric patients ages 1 month up to 17 years. 

Final Report Submission: July 2013 

Submit final study reports to these NDAs. For administrative purposes, all submissions related 
to these required pediatric postmarketing studies must be clearly designated “Required 
Pediatric Assessment.” 

RISK EVALUATION AND MITIGATION STRATEGY (REMS) REQUIREMENTS 

Title IX, Subtitle A, Section 901 of Food and Drug Administration Amendments Act of 2007 
(FDAAA) amends the FDCA to authorize FDA to require the submission of a Risk Evaluation 
and Mitigation Strategy (REMS) if FDA determines that such a strategy is necessary to ensure 
that the benefits of the drug outweigh the risks (section 505- 1(a)). This provision took effect on 
March 25, 2008. 

In accordance with section 505-1 of the FDCA, as one element of a REMS, FDA may require the 
development of a Medication Guide as provided for under 21 CFR Part 208. Pursuant to 21 CFR 
Part 208, FDA has determined that Vimpat (lacosamide) poses a serious and significant public 
health concern requiring the distribution of a Medication Guide. The Medication Guide is 
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necessary for patients’ safe and effective use of Vimpat (lacosamide). FDA has determined that 
Vimpat (lacosamide) has serious risks of which patients should be made aware because 
information concerning the risks could affect patients' decisions to use Vimpat (lacosamide). In 
addition, patient labeling could help prevent serious adverse effects related to the use of these 
products. Vimpat (lacosamide) may increase the risk of suicidal thoughts or behavior in patients 
taking anti-epileptic drugs for any indication. Under 21 CFR 208, you are responsible for 
ensuring that the Medication Guide is available for distribution to patients who are dispensed 
Vimpat (lacosamide). 

Your proposed REMS, submitted on October 17, 2008, in an electronic communication, is 
approved. The REMS consists of the Medication Guide included with this letter and the 
timetable for submission of assessments of the REMS included in your October 17, 2008 
submission. 

Prominently identify submissions containing REMS assessments or proposed modifications of 
the REMS with the following wording in bold capital letters at the top of the first page of the 
submission: 

• NDA 22-253 & 22-254 REMS ASSESSMENT 

• NEW SUPPLEMENT FOR NDA 22-253 & 22-254 
PROPOSED REMS MODIFICATION 

< other supplement identification > [if included] 

<REMS ASSESSMENT [if included] 

POSTMARKETING REQUIREMENTS UNDER 505fol 

Title IX, Subtitle A, Section 901 of FDAAA amends the FDCA to authorize FDA to require 
holders of approved drug and biological product applications to conduct postmarketing studies 
and clinical trials for certain purposes, if FDA makes certain findings required by the statute 
(section 505(o)(3)(A), 21 U.S.C. 355(o)(3)(A)). 

We have determined that an analysis of spontaneous postmarketing adverse events reported 
under subsection 505(k)(l) of the FDCA will not be sufficient to assess the known serious risk of 
developmental neurotoxicity. 

Furthermore, the new pharmacovigilance system that FDA is required to establish under section 
505(k)(3) has not yet been established and is not sufficient to assess this serious risk. 

Therefore, based on appropriate scientific data, FDA has determined that you are required, 
pursuant to section 505(o)(3) of the FDCA, to conduct the following study: 

2. A nonclinical study in rats to examine the effects of Vimpat (lacosamide) on brain 

development during the prenatal and early postnatal periods using more sensitive techniques 
for assessing central nervous system structure and function than were employed in the 
standard pre- and postnatal development study. You should consider the use of multiple 
daily dosing as a means of achieving higher plasma drug exposures during pregnancy and to 
better mimic the human exposure pattern. 
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The timetable you have submitted on October 28, 2008 states that you will conduct this study 
according to the following schedule: 

Protocol Submission: Within 6 months of approval 

Final Report Submission: Within 30 months. of approval 

Submit protocols to your IND 57,939 with a cross-reference letter to these new drug applications 
(NDA) 22-253 and 22-254. Submit final reports to your NDAs 22-253 and 22-254. Please use 
the following designators to label prominently all submissions, including supplements, relating 
to this postmarketing study as appropriate: 

* Required Postmarketing Protocol under 505(o) 

* Required Postmarketing Final Report under 505(o) 

* Required Postmarketing Correspondence under 505(o) 

Section 505(o)(3)(E)(ii) of the FDCA requires you to report periodically on the status of any 
study or clinical trial required under this section. This section also requires you to periodically 
report to FDA on the status of any study or clinical trial otherwise undertaken to investigate a 
safety issue. Section 506B of the FDCA, as well as 21 CFR 314.81 (b)(2)(vii) requires you to 
report annually on the status of any postmarketing commitments or required studies or clinical 
trials. 

FDA will consider the submission of your annual report under section 506B and 21 CFR 
314.81 (b)(2)(vii) to satisfy the periodic reporting requirement under section 505(o)(3)(E)(ii) 
provided that you include the elements listed in 505(o) and 21 CFR 314.81(b)(2)(vii). We 
remind you that to comply with 505(o), your annual report must also include a report on the 
status of any study or clinical trial otherwise undertaken to investigate a safety issue. Failure to 
submit an annual report for studies or clinical trials required under 505(o) on the date required 
will be considered a violation of FDCA section 505(o)(3)(E)(ii) and could result in enforcement 
action. 

POSTMARKETING COMMITMENTS 


We acknowledge your written commitment to conduct the following postmarketing study as 
described in your submission dated October 28, 2008, as outlined below: 

3. In vitro data to determine which enzymes may be involved in the metabolism of Vimpat 
(lacosamide) in addition to CYP2C19. 

Final Report Submission: within 18 months of approval 

Submit the protocol to your IND Submit nonclinical and chemistry, manufacturing, and 

controls protocols and all study final reports to these NDAs. In addition, under 21 CFR 
314.81 (b)(2)(vii) and 3 14.81 (b)(2)(viii), you should include a status summary of each 
commitment in your annual report to these NDAs. The status summary should include expected 
summary completion and final report submission dates, any changes in plans since the last 
annual report, and, for clinical studies, number of patients entered into each study. 
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All submissions, including supplements, relating to these postmarketing study commitments 
should be prominently labeled: 

• Postmarketing Study Commitment Protocol 

• Postmarketing Study Commitment Final Report 

• Postmarketing Study Commitment Correspondence 

HIGHLIGHTS WAIVER 


We are waiving the requirements of 21 CFR 201.57(d)(8) regarding the length of Highlights of 
prescribing information. This waiver applies to all future supplements containing revised 
labeling unless we notify you otherwise. 

CONTENT OF LABELING 


As soon as possible, but no later than 14 days from the date of this letter, please submit the 
content of labeling [21 CFR 314.50(1)] in structured product labeling (SPL) format as described 
at http://www.fda.uov/oc/datacouncil/spl.html that is identical to the enclosed labeling (text for 
the package insert and Medication Guide). Upon receipt, we will transmit that version to the 
National Library of Medicine for public dissemination. For administrative purposes, please 
designate this submission, “SPL for approved NDA 22-253 and NDA 22-254.” 

CARTON AND IMMEDIATE CONTAINER LABELS 


Submit final printed carton and container labels as soon as they are available, but no more than 
30 days after they are printed. Please submit these labels electronically according to the 
guidance for industry titled Providing Regulatory Submissions in Electronic Format - Human 
Pharmaceutical Product Applications and Related Submissions Using the eCTD Specifications 
(October 2005). Alternatively, you may submit 12 paper copies, with 6 of the copies individually 
mounted on heavy-weight paper or similar material. For administrative purposes, designate this 
submission “Final Printed Carton and Container Labels for approved NDA 22-253 and 
NDA 22-254” Approval of this submission by FDA is not required before the labeling is used. 

In addition, we note your agreement on October 28, 2008 to address and make the following 
changes into your carton and immediate container labels: 


General 

(b)(4) 
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(bf(4) 




Marketing the products with FPL that is not identical to the approved labeling text including the 
changes noted above may render the product misbranded and an unapproved new drug. 

CONTROLLED SUBSTANCE CLASS 


We have recommended that this product be scheduled under the Controlled Substances Act. We 
remind you of the following statement that appears on the Form FDA 356h, “If this application 
applies to a drug product that FDA has proposed for scheduling under the Controlled Substances 
Act, I agree not to market the product until the Drug Enforcement Administration makes a final 
scheduling decision.” Once a final scheduling decision is made, your label must be amended to 
reflect the schedule. 

EXPIRATION DATE (Injection) 

We grant the proposed 36 month drug product expiry, when stored at controlled room 
temperature, for lacosamide 200 mg/20 mL injecti on packa ged in 20 mL type I colorless glass 
vials with a grey rubber stopper coated with a f b ) ^ ] and aluminum overseal. 

PROMOTIONAL MATERIALS 


You may request advisory comments on proposed introductory advertising and promotional 
labeling. To do so, submit, in triplicate, a cover letter requesting advisory comments, the 
proposed materials in draft or mock-up form with annotated references, and the package insert(s) 
to: 


Food and Drug Administration 

Center for Drug Evaluation and Research 

Division of Drug Marketing, Advertising, and Communications 

590 1-B Ammendale Road 

Beltsville, MD 20705-1266 

As required under 21 CFR 3 14.8 1 (b)(3)(i), you must submit final promotional materials, and the 
package insert(s), at the time of initial dissemination or publication, accompanied by a Form 
FDA 2253. For instruction on completing the Form FDA 2253, see page 2 of the Form. For 
more information about submission of promotional materials to the Division of Drug Marketing, 
Advertising, and Communications (DDMAC), see www.fda.gov/cder/ddmac. 

LETTERS TO HEALTH CARE PROFESSIONALS 


If you issue a letter communicating important safety related information about this drug product 
(i.e., a “Dear Health Care Professional” letter), we request that you submit an electronic copy of 
the letter to both this NDA and to the following address: 
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MedWatch 

Food and Drug Administration 
Suite 12B05 
5600 Fishers Lane 
Rockville, MD 20857 

REPORTING REQUIREMENTS 

We remind you that you must comply with reporting requirements for an approved NDA (21 
CFR 314.80 and 314.81). 

MEDWATCH-TO-MANUFACTURER PROGRAM 


The MedWatch-to-Manufacturer Program provides manufacturers with copies of serious adverse 
event reports that are received directly by the FDA. New molecular entities and important new 
biologies qualify for inclusion for three years after approval. Your firm is eligible to receive 
copies of reports for this product. To participate in the program, please see the enrollment 
instructions and program description details at www.fda.gov/medwatch/report/mmp.htm . 

If you have any questions, call Jacqueline H. Ware, Pharm.D., Supervisory Regulatory Project 
Manager, at (301) 796-1160. 


Sincerely, 

{See appended electronic signature page} 

Ellis F. Unger, M.D. 

Deputy Director (Acting) 

Office of Drug Evaluation I 

Center for Drug Evaluation and Research 


Enclosures (FDA Approved Labeling Text, Medication Guide, and REMS document) 



This is a representation of an electronic record that was signed electronically and 
this page is the manifestation of the electronic signature. 


/s/ 


Ellis Unger 
10/28/2008 08:00:13 PM 
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AMINO ACID DERIVATIVE 
ANTICONVULSANT 

RELATED APPLICATIONS 


2 

ZY taken together is NR 4 NR 5 R 7 , NR 4 0R 5 , ONR 4 R 7 , 
OPR 4 R 5 , PR 4 OR5, SNR^, NR 4 SR7, SPR^, PR^R,, 
NR 4 PR 5 R 6 PR 4 NR5R 7 , 


The present application is a continuation-in-part of U.S. 
patent application Ser. No. 710,610 filed on Jun. 4, 1991, 
now U.S. Pat. No. 5378,729 which is a continuation-in-pait 
of U.S. patent application Ser. No. 354,057 filed on May 19, 
1989, now abandoned and U.S. patent application Ser. No. 
392,870 filed on Aug. 11, 1989, now abandoned. U.S. patent 
application Ser. No. 354,057 is a continuation-in-part of 
U.S. patent application having Ser. No. 080,528, filed on Jul. 
31. 1987, now abandoned, which is a continuation-in-part of 
U.S. patent application Ser. No. 916,254, filed Oct 7, 1986, 
now abandoned which is a continuation-in-part of U.S. 
patent application Ser. No. 702,195, filed Feb. 15, 1985, now 
abandoned. U.S. patent application Ser. No, 392,870 is a 
continuation application of U.S. patent application having 
Ser. No. 080,528, filed Jul. 31, 1987, now abandoned, which 
is a continuation-in-part of U.S. patent application Ser. No. 
916,254 filed Oct. 7, 1986, now abandoned which is a 
continuation-in-part of U.S. patent application Ser. No. 
702,195 filed on Feb. 15, 1985, now abandoned. 

This invention was made with Government support under 
NS 15604 awarded by the National Institutes of Health. The 
Government has certain rights to this invention. 

BACKGROUND OF THE INVENTION 

The present invention relates to compounds and pharma- 
ceutical compositions having central nervous system (CNS) 
activity which are useful in the treatment of epilepsy and 
other CNS disorders. More specifically, the compounds of 
this invention can be characterized as protected amino acid 
derivatives of the formula: 


R-NH-f-C-CNH+-C-Ri 

II I ”11 
Q R 3 a 

or the N-oxides thereof or pharmaceutically acceptable salts 
thereof wherein 

R is hydrogen, lower alkyl, lower alkenyl, lower alkynyl, 
aryl, aryl lower alkyl, heterocyclic, heterocyclic lower 
alkyl, loweralkyl heterocyclic, lower cycloalkyl, lower 
cydoalkyl lower alkyl, and R is unsubstituted or is 
substituted with at least one electron withdrawing 
group or electron donating group; 

R x is hydrogen or lower alkyl, lower alkenyl, lower 
alkynyl, aryl lower alkyl, aryl, heterocyclic lower alkyl, 
heterocyclic, lower cycloalkyl, lower cycloalkyl lower 
alkyl, each unsubstituted or substituted with an electron 
donating group or an electron withdrawing group and 

R 2 and R 3 are independently hydrogen, lower alkyl, lower 
alkenyl, lower alkynyl, aryl lower alkyl, aryl, 
heterocyclic, heterocyclic lower alkyl, lower alkyl 
heterocyclic, lower cycloalkyl, lower cycloalkyl lower 
alkyl, S0 3 “ or Z — Y wherein Rj and R 3 may be 
unsubstituted or substituted with at least one electron 
withdrawing group or electron donating group; 

Z is O, S,S(0) o , NR 4 , PR 4 or a chemical bond; 

Y is hydrogen, lower alkyl, aryl, aryl lower alkyl, lower 
alkenyl, lower alkynyl, halo, heterocyclic, heterocyclic 
lower alkyl, cycloalkyl, cycloalkyl lower alkyl and Y may be 
unsubstituted or substituted with an electron donating group 
or an electron withdrawing group, provided Z is a chemical 
bond only, when Y is halo, or 


5 


NR4C— Rs, SCR5,NR4C-OR5, SC-ORs, NR4CNR5R6, 
OOOO O 


NR 4 CNR 5 S( 0 )cR$, NR^CNRsR^ NR4CMNR5COR6 or C — NH2, 

O S Q A S 

10 

R 4 , R 5 and R$ are independently hydrogen, lower alkyl, 
aryl, aryl lower alkyl, lower alkenyl, or lower alkynyl, 
wherein R 4 , R 5 and R$ may be unsubstituted or sub- 
stituted with an electron withdrawing group or an 
electron donating group and 

Ry is R$ or COOR 8 or COR 8 

Rg is hydrogen or lower alkyl, or aryl lower alkyl, and the 
aryl or alkyl group may be unsubstituted or substituted 
20 with an electron withdrawing group or an electron 
donating group and 

A and Q are independently O or S, M is an alkylene chain 
containing up to 6 carbon atoms or a chemical bond; 

n is 1-4 and 
25 a is 1-3. 

The predominant application of anticonvulsant drugs is 
the control and prevention of seizures associated with epi- 
lepsy or related central nervous system disorders. Epilepsy 
refers to many types of recurrent seizures produced by 
30 paroxysmal excessive neuronal discharges in the brain; the 
two main generalized seizures are petit mal, which is asso- 
ciated with myoclonic jerks, akinetic seizures, transient loss 
of consciousness, but without convulsion; and grand mal 
which manifests in a continuous series of seizures and 
35 convulsions with loss of consciousness. 

The mainstay of treatment for such disorders has been the 
long-term and consistent administration of anticonvulsant 
drugs. Most drugs in use are weak acids that, presumably, 
exert their action on neurons, glial cells or both of the central 
40 nervous system. The majority of these compounds are 
characterized by the presence of at least one amide unit and 
one or more benzene rings that are present as a phenyl group 
or part of a cyclic system 

Much attention has been focused upon the development of 
45 anticonvulsant drugs and today many such drugs are well 
known. For example, the hydantions, such as phenytoin, are 
useful in the control of generalized seizures and all forms of 
partial seizures. The oxazolidinediones, such as trimethadi- 
one and paramethadione, are used in the treatment of non- 
50 convulsive seizures. Phenaceraide, a phenylacetylurea, is 
one of the most well known anticonvulsants employed 
today, while much attention has recently been dedicated to 
the investigation of the diazepines and piperazines. For 
example, U.S. Pat. Nos. 4,002,764 and 4,178,378 to 
55 Allgeier, et al. disclose esterified diazepine derivatives use- 
ful in the treatment of epilepsy and other nervous disorders. 
U.S. Pat. No. 3,887,543 to Nakanishi, et al. describes a 
thieno[2,3-e][l,4]diazepine compound also having anticon- 
vulsant activity and other depressant activity. U.S. Pat. No. 
60 4,2093 16 to Heckendorn, et al. relates to triazole derivatives 
which exhibit anticonvulsant activity and are useful in the 
treatment of epilepsy and conditions of tension and agita- 
tion. U.S. Pat No. 4322,974 to Fish, et al. discloses a 
pharmaceutical formulation containing an aliphatic amino 
65 acid compound in which the carboxylic add and primary 
amine are separated by three or four units. Administration of 
these compounds in an acid pH range are useful in the 



5 , 654,301 


3 

treatment of convulsion disorders and also possess anxi- 
olytic and sedative properties. 

Unfortunately, despite the many available pharmacothera- 
peutic agents, a significant percentage of the population with 
epilepsy or related disorders are poorly managed. Moreover, 5 
none of the drugs presently available are capable of achiev- 
ing total seizure control and most have disturbing side- 
effects. Clearly, current therapy has failed to “seize control” 
of these debilitating diseases. 

It is therefore one object of the present invention to 
provide novel compounds exhibiting CNS activity, particu- 
larly anticonvulsant activity. 

Another object of this invention is to provide pharmaceu- 
tical compositions useful in the treatment of epilepsy and 
other CNS disorders. 

A further object of this invention is to provide a method 
of treating epilepsy and related convulsant disorders. 

These and other objects are accomplished herein by 
providing compounds of the following general formula: 


R — NH-f-C — CNH^-C — Rj 

iii "ii 
Q R 3 a 

wherein R, R l% R 2 , R 3 , R 4 , R 5 . R$, n, Z, Y, A and Q are as 
defined hereinabove. 

The present invention contemplates employing the com- 
pounds of Formula I in compositions of pharmaceutically 
acceptable dosage forms. Where the appropriate substituents 
are employed, the present invention also includes pharma- 
ceutically acceptable addition salts. Moreover, the adminis- 
tration of an effective amount of the present compounds, in 
their pharmaceutically acceptable forms or the addition salts 
thereof, can provide an excellent regime for the treatment of 
epilepsy, nervous anxiety, psychosis, insomnia and other 
related central nervous disorders. 

The alkyl groups when used alone or in combination with 
other groups, are lower alkyl containing from 1 to 6 carbon 
atoms and may be straight chain or branched. These groups 
include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
tertiary butyl, amyl, hexyl, and the like. 

The aryl lower alkyl groups include, for example, benzyl, 
phenethyl, phenpropyl, phenisopropyl, phenbutyl, and the 
like, diphenylmethyl, 1,1-diphenylethyl, 1,2-diphenylethyl, 
and the like. 

The term aryl, when used along or in combination, refers 
to an aromatic group which contains from 6 up to 18 ring 
carbon atoms and up to a total of 25 carbon atoms and 
includes the polynuclear aromatics. These aryl groups may 
be monocyclic, bicyclic, tricyclic or polycyclic and are fused 
rings. Polynuclear aromatic compound is meant to encom- 
pass bicyclic, tricyclic fused aromatic ring system contain- 
ing from 10-18 ring carbon atoms and up to a total of 25 
carbon atoms. The aryl group includes phenyl, and the 
polynuclear aromatics e.g., naphthyl, anthracenyl, 
phenanthrenyl, azulenyl and the like. The aryl group also 
includes groups like ferrocenyl. 

Lower alkenyl is an alkenyl group containing from 2 to 6 
carbon atoms and at least one double bond. These groups 
may be straight chained or branched and may be in the Z or 
E form. Such groups include vinyl, propenyl, 1-butenyl, 
isobutenyl, 2-butenyl, 1-pentenyl, (Z)-2-pentenyl, (E)-2- 
pentenyl, (Z)-4-methyl-2-pentenyl, (E-)-4-methyl-2- 
pentenyl, pentadienyl, e.g., 1,3 or 2,4-pentadienyl, and the 
like. 

The term alkynyl include alkyene substituents containing 
2 to 6 carbon atoms and may be straight chained as well as 


4 

branched. It includes such groups as ethynyl. propynyl, 
1-butynyl, 2-butynyl, 1-pentynl, 2-pentynyl, 3-methyl-l- 
pentynyl, 3-pentynyl, 1-hexynyl, 2-hexynyl, 3-hexynyl and 
the like. 

The term cycloalkyl when used alone or in combination is 
a cycloalkyl group containing from 3 to 18 ring carbon 
atoms and up to a total of 25 carbon atoms. The cycloalkyl 
groups may be monocyclic, bicyclic, tricyclic, or polycyclic 
and the rings are fused. The cycloalkyl may be completely 
saturated or partially saturated. Examples include 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
cycloheptyl. cyclooctyl, cyclodecyl, cyclohexenyl, 
cyclopentenyl, cyclooctenyl, cycloheptenyl, decalinyl, 
hydroindanyl, indanyl, fenchyl, pinenyl, adamantyl, and the 
like. Cycloalkyl includes the cis or trans forms. 
15 Furthermore, the substituents may either be in endo or exo 
positions in the bridged bicyclic systems. 

The term “electron-withdrawing and electron donating” 
refer to the ability of a substituent to withdraw or donate 
electrons relative to that of hydrogen if the hydrogen atom 
20 occupied the same position in the molecule. These terras are 
well understood by one skilled in the art and are discussed 
in Advanced Organic Chemistry , by J. March, John Wiley 
and Sons, New York N.Y., pp. 16-18 (1985) and the dis- 
cussion therein is incorporated herein by reference. Electron 
25 withdrawing groups include halo, including bromo, fluoro, 
chloro, iodo and the like; nitro, carboxy, lower alkenyl, 
lower alkynyl, formyl, carboxyamido, aryl, quaternary 
ammonium, trifluoromethyl, aryl lower alkanoyl, car- 
balkoxy and the like. Electron donating groups include such 
30 groups as hydroxy, lower alkoxy, including raethoxy, ethoxy 
and the like; lower alkyl, such as methyl, ethyl, and the like; 
amino, lower alkylamino, di(loweralkyl)amino, aryloxy 
such as phenoxy, mercapto, lower alkylthio, lower 
alkylmercapto, disulfide (lower alkyldithio) and the like. 
35 One skilled in the art will appreciate that the aforesaid 
substituents may have electron donating or electron with- 
drawing properties under different chemical conditions. 
Moreover, the present invention contemplates any combi- 
nation of substituents selected from the above-identified 
40 groups. 

The term halo includes fluoro, chloro, bromo, iodo and the 
like. 

The term acyl includes lower alkanoyl. 

As employed herein, the heterocyclic substituent contains 
45 at least one sulfur, nitrogen or oxygen, but also may include 
one or several of said atoms. The heterocyclic substituents 
contemplated by the present invention include heteroaro- 
matics and saturated and partially saturated heterocyclic 
compounds. These heterocyclics may be monocyclic, 
50 bicyclic, tricyclic or polycyclic and are fused rings. They 
may contain up to 18 ring atoms and up to a total of 17 ring 
carbon atoms and a total of up to 25 carbon atoms. The 
heterocyclics are also intended to include the so-called 
benzoheterocycles. Representative heterocyclics include 
55 furyl, thienyl, pyrazolyl, pyrrolyl, imidazolyl, indolyl, 
thiazolyl, oxazolyl, isothiazolyl, isoxazolyl, piperidyl, 
pyrrolinyl, piperazinyl, quinolyl, triazolyl, tetrazolyl, 
isoquinolyl, benzofuryl, benzothienyl, morpholinyl, 
benzoxazolyl, tetrahydrofuryl, pyranyl, indazolyl, purinyl, 
60 indolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, 
pyrrolidinyl, furazanyl, N-methylindolyl, methylfuryl, 
pyridazinyl, pyrimidinyl, pyrazinyl, pyridyl, epoxy, 
aziridino, oxetanyl, azetidinyl, the N-oxides of the nitrogen 
containing heterocycles, such as the nitric oxides of pyridyl, 
65 pyrazinyl, and pyrimidinyl and the like. The preferred het- 
erocyclic are thienyl, furyl, pyiToly, benzofuryl, 
benzothienyl, indolyl, methylpyrrolyl, merpholinyl, pyridyl, 
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pyrazinyl, imidazolyl, pyrimidinyl, pyrazolyl orpyridazinyl. 
The preferred heterocyclic is a 5 or 6-membered heterocy- 
clic compound The especially preferred heterocyclic is 
furyl, pyridyl, pyrazinyl, imidazolyl, pyrazolyl, triazolyl, 
tetrazolyl, oxadiazolyl, epoxy, pyrimidinyl, or pyridazinyl. 
The most preferred heterocyclics are furyl, pyrazolyl, pyr- 
rolyl and pyridyl. 

The preferred compounds are those wherein n is 1, but di, 
tri and tetrapeptides are also contemplated to be within the 
scope of the claims. 

The preferred values of R is aryl lower alkyl, especially 
benzyl, and the preferred Rj is H or lower alkyl. The most 
preferred R A group is methyl. 

The most preferred electron donating substituent and 
electron withdrawing substituent are halo, nitro, alkanoyl, 
formyl, arylalkanoyl, aryloyl, carboxyl, carbalkoxy, 
carboxamide, cyano, sulfonyl, sulfoxide, heterocyclic, 
guanidine, quaternary ammonium, lower alkenyl, lower 
alkynyl, sulfonium salts, hydroxy, lower alkoxy, lower alkyl, 
amino, lower alkylamino, di(loweralkyl)amino, amine lower 
alkyl raercapto, mercaptoalkyl, alkylthio; and alkyldithio. 
The term “sulfide” encompasses mercapto, mercapto alkyl 
and alkylthio, while the term disulfide encompasses alky- 
ldithio. These preferred substituents may be substituted on 
any one of R r R 2 , R 3 , R 4 , R 5 or R$, Ry or Rg as defined 
herein. 

The ZY groups representative of R 2 and R 3 include 
hydroxy, alkoxy, such as methoxy, ethoxy, aryloxy, such as 
phenoxy; thioalkoxy, such as thiomethoxy, thioethoxy; thio- 
aryloxy such as thiophenoxy; amino; alkylamino, such as 
methylamino, ethylamino; arylamino, such as anilino; lower 
dialkylamino, such as, dimethylamino; trialkyl ammonium 
salt, hydrazino, alkylhydrazino and arylhydrazino, such as 
N-methylhydrazino, N-phenylhydrazino, carbalkoxy 
hydrazino, aralkoxycarbonyl hydrazino, aryloxycarbonyl 
hydrazino, hydroxylamino, such as N-hydroxylamino 
( — NH — OH), lower alkoxy amino [(NHOR 18 ) wherein R 18 
is lower alkyl], N-lower alkylhydroxyl amino [(NCR 18 )OH 
wherein R 18 is lower alkyl], N-lower alkyl-O-lower alkyl 
hydroxyamino, i.e., [N(R 18 )OR 19 wherein R 18 and R 19 are 
independently lower alkyl] and o-hydroxylaraino ( — 0 — 
NHj); alkylamido such as acetaraido, trifluoroacetamido, 
lower alkoxyamino, (e.g. NH(OCH 3 ); and 
heterocyclicaraino, such as pyrazoylamino. 

Furthermore, in still another embodiment Z may be O, S, 
NR 4 or PI^ and Y may be hydrogen, lower alkyl or aryl and 
R, Ri, R 2 , R 3 , R 4 , R 3 , Rg, Ry, Rg, n and a are as defined 
hereinabove. 

In a still further embodiment, ZY may be 

NIUCRs, or SCRj or NR^C— ORs, or SC— OR3 
OOO O 

and R, R 1? R 2 , R 3 , R 4 , R 5 , R*, Ry, R*, n and a are as defined 
hereinabove. 

When R 2 or R 3 is heterocyclic, the preferred heterocyclics 
are furyl, tetrahydrofuryl, pyridyl, pyrazinyl, imidazolyl, 
pyrazolyl, triazolyl, tetrazolyl, oxadiazolyl or epoxy. The 
most preferred heterocyclic is furyl, pyridyl, pyrazoyl and 
pyrrolyl. 

The preferred heterocyclic groups representative of R 2 
and R 3 have the formula 


A XI 

evOj 

oQt 

5 >h£ 

or those corresponding partially or fully saturated form 
thereof wherein n is 0 or 1 

A, Z, L and J are independently CH, or a heteroatom 
selected from the group consisting of N, O, S, and 
G is CH, or a heteroatom selected from the group con- 
sisting of N, O and S, 

but when n is O, G is CH, or a heterocyclic selected from 
the group consisting of NH, 0 and S with the proviso 
that at most two of A, E, L, J and G are heteroatoras. 
15 If the ring depicted hereinabove contains a nitrogen ring 
atom, then the N-oxide forms are also contemplated to be 
within the scope of the invention. 

When R 2 or R 3 is a heterocyclic of the above formula, it 
may be bonded to the main chain by a ring carbon atom. 
20 When n is O, R 2 or R 3 may additionally be bonded to the 
main chain by a nitrogen ring atom. 

R 2 or R 3 may independently also be S0 3 “, or S0 2 ~. 
Furthermore, ZY may also be 

25 NR4CNR5R* NR4CNRsS(0)aR$, NR*C — NR5R& C — NH2 or or 


R4CMNR5COR6. 


When R 2 is alkenyl the alkenyl group is a lower alkenyl 
group having 1-6 carbon atoms. The alkenyl group may be 
substituted with an electron donating group and more pref- 
35 erably with an electron withdrawing group, such as COOH. 

As indicated hereinabove, Q and A may be 0 or S; in other 
words, the main chain may contain only C=0, only — C=S 
or combinations thereof. All such permutations are contem- 
plated herein. It is preferred that the compounds of the 
40 present invention contain no more than 2 G=S moieties, it 
is even more preferred that die compounds of the present 
invention contain no more than 1 C=S moiety. The most 
preferred embodiment are when A and Q are both oxygen. 

An embodiment of the present application is one in which 
45 the compounds are of Formula I wherein R is lower 
cycloalkyl or lower cycloalkyl lower alkyl, and R is unsub- 
stituted or is substituted with at least one electron withdraw- 
ing group or electron donating group and R*, R 2 , R 3 , Z, Y 
or ZY taken together, R 4 , R 5 , R 6 , Ry, Rg, n and a are as 
50 defined herein. 

Another embodiment of the present invention include 
compounds of Formula I wherein Rj is lower cycloalkyl or 
lower cycloalkyl lower alkyl and Rj may be unsubstituted or 
substituted with an electron donating group or electron 
55 withdrawing group and R x , R 2 , R 3 , Z, Y, or ZY taken 
together, R 4 , R 5 , Rg, Ry, n and a are as defined herein- 
above. 

Another embodiment of the present invention includes 
compounds of Formula I wherein R 2 is lower cycloalkyl or 
60 lower cycloalkyl lower alkyl and R 2 may be unsubstituted or 
substituted with an electron donating group or electron 
withdrawing group, and R, R 1? R 3 , R^ R 3 , R$, Ry, Re and a 
are as defined hereinabove. 

Still another embodiment of the present invention include 
65 compounds of Formula I wherein R 3 is lower cycloalkyl or 
lower cycloalkyl lower alkyl and R 3 may be unsubstituted or 
substituted with an electron donating or electron withdraw- 
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ing group and R, R A , R 2 . R 4 , R 5 , R^, R 7, R 8 , n and a are as 
defined hereinabove. 

A further embodiment of the present invention include 
compounds of Formula I wherein Z is S(0) fl and R, R A , R^ 

R 3 , Y. R4.R5.R6.R7, R 8 , n and a are as defined herein. 5 

It is preferred that one of R 2 and R 3 is hydrogen. 

In a preferred embodiment, one of R 2 and R 3 is hydrogen 
and that the other is heterocyclic. It is preferred that one of 
R 2 and R 3 is a heterocyclic having Formula XI. The pre- 
ferred heterocyclics include furyl, thienyl, benzothienyl, 
benzofuryl, oxazolyl, thiazolyl, isoxazolyl, indolyl, 
pyrazolyl, isoxazolidinyl, benzothienyl, benzofuryl, 
morpholinyl, indolyl, pyrrolyl, furfuryl, and methylpyrrolyl, 
pyridyl, pyrazinyl, imidazolyl, pyrimidinyl or pyridazinyl, 
pyrazolyl, or epoxy. In another preferred embodiment, one 
of R 2 and R 3 is alkyl (e.g. methylisopropyl), aryl (e.g., 15 
phenyl), 2-thiomethylethyl. lower alkoxy (e.g., ethoxy, 
methoxy), anilino, propenyl, alkylaraino (e.g., ethylamino or 
methylamino). In another preferred embodiment, one of R 2 
and R 3 is hydrogen and the other is heterocyclic lower alkyl, 
lower alkenyl, amino, lower alkoxy amino, N-lower 20 
alkylhydroxyamino, lower alkoxyamino, N-lower alkyl-O- 
lower alkylhydroxyamino or aralkoxycarbonylhydrazino. 

Preferred compounds of the present invention have the 
following general formula: 



wherein R A is H or lower alkyl, R 2 and R 3 are as defined 
above and A is hydrogen or an electron donating group or 
electron-withdrawing group and ra is 0-5. It is preferred that 
A is hydrogen (i.e., m=0). However, values of ra equalling 35 
1. 2 or 3 are also preferred. 

Preferred embodiments include compounds of Formula I 


Rz (i) 

R— NH-fr-C— CNHJ-C— R, 40 

II I *11 
Q R3 A 

wherein 

R and R A , independently, are hydrogen, lower alkyl, lower 
alkenyl, lower alkynyl, aryl lower alkyl, aryl, 45 
heterocyclic, lower alkyl heterocyclic, each unsubsti- 
tuted or substituted with at least one substituent; 

R 2 and R 3 , independently, are hydrogen, lower alkyl, 
lower alkenyl, lower alkynyl, aryl lower alkyl, aryl, 
heterocyclic, lower alkyl heterocyclic, each unsubsti- 50 
tuted or substituted with at least one substituent; halo- 
gen or a heteroatom containing oxygen, nitrogen, sulfur 
or phosphorous substituted with hydrogen, lower alkyl 
or aryl, said lower alkyl or aryl groups being substituted 
or unsubstituted; and 55 

n is 1 to 4. 

Another preferred embodiment is a compound having 
Formula I 


R-NH-f-C— CNHl-C-Ri 

II I "II 

Q R 3 O 


(D 


60 


wherein 65 

R is aryl, aryl lower alkyl, heterocyclic, lower alkyl 
heterocyclic, polynuclear aromatic or lower alkyl poly- 
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nuclear aromatic, each unsubstituted or substituted with 
at least one electron withdrawing substituent or at least 
one electron donating substituent; 

R A is H or lower alkyl, unsubstituted or substituted with 
at least one electron withdrawing substituent or at least 
one electron donating substituent; 

R 2 and R 3 , independently, are hydrogen, lower alkyl, 
lower alkenyl, lower alkynyl, aryl, aryl lower alkyl, 
heterocyclic, lower alkyl heterocyclic, polynuclear 
aromatic, lower alkyl polynuclear aromatic, each 
unsubstituted or substituted with at least one electron 
donating substituent, halogen or a heteroatora contain- 
ing oxygen, nitrogen, sulfur or phosphorous substituted 
with hydrogen, lower alkyl or aryl, said lower alkyl or 
aryl groups being substituted or unsubstituted; and 

n is 1 to 4. 

Another preferred embodiment of the present invention is 
a compound of Formula I 

R — NH(C — CNH-J-C — Ri 

II I *11 

Q Rj 0 

wherein 

R is aryl lower alkyl, heterocyclic, lower alkyl 
heterocyclic, polynuclear aromatic or lower alkyl poly- 
nuclear aromatic, each of which may be unsubstituted 
or substituted with at least one halo, nitro, acyl, 
carboxyl, carboalkoxy, carboxamide, cyano, sulfonyl, 
sulfoxide (sulfinyl), heterocyclic, guanidine, quater- 
nary ammonium hydroxy, alkoxy, alkyl, amino, 
phenoxy, mercapto, sulfide or disulfide; 

R A is H or lower alkyl which may be unsubstituted or 
substituted with at least one halo, nitro, acyl, 
carboxamide, cyano, sulfonyl, sulfoxide (sulfinyl), 
heterocyclic, guanidine, quaternary ammonium, 
hydroxy, lower alkoxy, amino, phenoxy, sulfide, or 
disulfide; 

R 2 is hydrogen, lower alkyl, lower alkenyl, lower alkynyl, 
aryl, heterocyclic, lower alkyl heterocyclic, poly- 
nuclear aromatic, lower alkyl polynuclear aromatic, 
each unsubstituted or substituted with at least one 
electron withdrawing substituent or at least one elec- 
tron donating substituent; halogen or a heteroatom 
consisting of oxygen, nitrogen, sulfur or phosphorous, 
said heteroatom being substituted with hydrogen, lower 
alkyl or aryl, said lower alkyl or aryl groups being 
substituted or unsubstituted; 

R 3 is hydrogen, lower alkyl, lower alkenyl, lower alkynyl, 
aryl, heterocyclic, lower alkyl heterocyclic, poly- 
nuclear aromatic, lower alkyl polynuclear aromatic, 
each unsubstituted or substituted with at least one 
electron withdrawing substituent or at least one elec- 
tron donating substituent; halogen or a heteroatom 
consisting of oxygen, nitrogen, sulfur, or phosphorous 
said heteroatom being substituted with hydrogen, lower 
alkyl or aryl, said lower alkyl of aryl groups being 
substituted or un substituted; 

and n is 1 to 4; 

Another preferred embodiment is a compound of Formula 



5,654,301 


9 

R 2 (I) 

R— NH-f-C — CNHJ-C—Ri 

II I "II 

Q Rj o 

wherein 

R is aryl, aryl lower alkyl, heterocyclic or heterocyclic 
lower alkyl and R is unsubstituted or is substituted with 
at least one electron withdrawing group, or electron 
donating group; 

R x is hydrogen or lower alkyl, unsubstituted or substituted 
with an electron donating group or an electron with- 
drawing group and 

R 2 and R 3 are independently hydrogen, lower alkyl, lower 
alkenyl, lower alkynyl, aryl lower alkyl, aryl, 
heterocyclic, heterocyclic lower alkyl, or Z — Y 
wherein R 2 and R 3 may be unsubstituted or substituted 
with at least one electron withdrawing group or elec- 
tron donating group; 

Z is O, S,S(0) fl , NR4, PR 4 or a chemical bond; 

Y is hydrogen, lower alkyl, aryl, aryl lower alkyl, lower 
alkenyl, lower alkynyl, heterocyclic, heterocyclic 
lower alkyl, or halo and Y may be unsubstituted or 
substituted with an electron donating group or an 
electron withdrawing group, provided that when Y is 
halo, Z is a chemical bond, or 

ZY taken together is NR 4 NR5R 7 , NR 4 OR 5 , ONR^, 
OPR 4 R 5 » PR 4 OR s , SNR 4 R 7 , NR 4 SR 7 , SPR 4 R 5 or 
PR^R?, NR 4 PR 5 R* or PR4NR 5 R7, 

NR4CR3, SCRa, NR4COR5, SC— OR3 
0 0 0 0 

R 4 , R s and R$ are independently hydrogen, lower alkyl, 
aryl, aryl lower alkyl, lower alkenyl, or lower alkynyl, 
wherein R^ R 5 and R 6 may be unsubstituted or sub- 
stituted with an electron withdrawing group or an 
electron donating group and 

R 7 is R$ or COOR 8 or COR 8 , R 8 is hydrogen or lower 
alkyl, or aryl lower alkyl, wherein the aryl or lower 
alkyl groups may be unsubstituted or substituted with 
an electron withdrawing or electron donating group, 

n is 1-4 and 

a is 1-3. 

Another class of preferred compounds of the Formula I 
have the formula 

V 

R-NH-J-C— CNH+-C— Ri 

II I "II 
Q R 3 O 

wherein 

R is aryl, aryl lower alkyl, heterocyclic or heterocyclic 
alkyl which is unsubstituted or substituted with at least 
one electron withdrawing group or at least one electron 
donating group; 

R x is hydrogen or lower alkyl which is unsubstituted or 
substituted with at least one electron withdrawing 
group or one electron donating group, 

R 2 and R 3 are independently hydrogen, lower alkenyl, 
lower alkynyl, aryl, aiyl lower alkyl, Z — Y or a het- 
erocyclic group which may be un substituted or substi- 
tuted with at least one electron withdrawing or one 


10 

electron donating group, with the proviso that R 2 and 
R 3 cannot both be hydrogen; 

Z is O, S, NR 4 , PR 4 or a chemical bond; 

Y is hydrogen, lower alkyl, aryl, aryl lower alkyl, lower 
5 alkenyl, lower alkynyl or halo, and Y may be unsub- 
stituted or substituted with an electron donating group 
or an electron withdrawing group, provided that when 
Y is halo, Z is a chemical bond; or 

ZY taken together is NR^^NR^, NR 4 0R5, ONR^, 
OPR 4 R 3 , PR 4 OR 5 , SNR 4 R 5 , NR^R* SPR4R5, or 
PR 4 SR 3 , NR 4 PR 5 R<5 or PR 4 NR 5 R$, 

R 4 , R s and R$ are independently hydrogen, lower alkyl, 
aryl, aryl lower alkyl, lower alkenyl, or lower alkynyl, 
!5 wherein R 4 , R s and R$ may be unsubstituted or sub- 
stituted with an electron withdrawing group or an 
electron donating group; 

n is 1-4. 

Of this preferred group, it is especially preferred that n is 1, 
20 The preferred compounds are those in which R is aryl, 
aryl lower alkyl, heterocyclic, or heterocyclic lower alkyl, 
R x is hydrogen or lower alkyl, R 2 and R 3 are independently 
hydrogen, heterocyclic, lower alkyl, aryl, lower alkoxy, 
lower alkenyl, amino, hydroxylamino, lower alkoxy amino, 
25 N-lower alkyl hydroxyamino, N-lower alkyl-o-lower alkyl 
hydroxyamino, aralkoxy carbonyl hydrazino or alkylmer- 
capto and n is 1. 

In another preferred embodiment, n is 1, R and R x are as 
defined hereinabove and one of R 2 and R 3 is hydrogen and 
30 the other is heterocyclic, heterocyclic lower alkyl, aryl 
N-hydroxylamino, lower alkoxyamino, N-lower 
alkylhydroxylamino, N-lower alkyl-O-lower alkylhy- 
droxy amino. 

Another preferred embodiment is wherein n is 1, R and R x 
35 are as defined hereinabove, one of R 2 and R 3 is as defined 
hereinabove or the other is heterocyclic, heterocyclic lower 
alkyl, lower alkyl heterocyclic, aryl, N-hydroxylamino, 
lower alkoxy amino, N-lower alkyl hydroxylamino, N-lower 
alkyl-o-lower alkyl hydroxylamino, lower alkoxy, dialkyl 
40 lower amino, lower alkylaraino, aryl lower alkyloxy 
hydrazino, or lower alkylmercapto. 

The various combination and permutations of the 
Markush groups of R x , R 2 , R 3 R and n described herein are 
contemplated to be within the scope of the present invention. 
45 Moreover, the present invention also encompasses com- 
pounds and compositions which contain one or more ele- 
ments of each of the Markush groupings in R x , R 2 , R 3 , n and 
R and the various combinations thereof. Thus, for example, 
the present invention contemplates that R x may be one or 
50 more of the substituents listed hereinabove in combination 
with any and all of the substituents of R 2 , R 3 and R with 
respect to each value of n. 

The compounds of the present invention may contain one 
(1) or more asymmetric carbons and may exist in racemic 
55 and optically active forms. The configuration around each 
asymmetric carbon can be in either the D or L form. (It is 
well known in the art that the configuration around a chiral 
carbon atoms can also be described as R or S in the 
Cahn-Prelog-Ingold nomenclature system). All of the vari- 
60 ous configurations around each asymmetric carbon, includ- 
ing the various enantiomers and diastereomers as well as 
racemic mixtures and mixtures of enantiomers, diastere- 
omers or both are contemplated by the present invention. 

In the principal chain, there exists asymmetry at the 
65 carbon atoms to which the groups R 2 and R 3 are attached as 
substituted. When n is 1, the compounds of the present 
invention is of the formula 
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R 2 H O 

I I II 

R—NH-C— C— N— C— Ri 

II II 
o r 3 


wherein R, R 1# R 2 , R 3 , R^, R 3 , R^, Z and Y are as defined 
previously. As used herein, the term configuration shall refer 
to the configuration around the carbon atom to which R 2 and 
R 3 are attached, even though other chiral centers may be 
present in the molecule. Therefore, when referring to a 
particular configuration, such as D or L* it is to be under- 
stood to mean the stereoisomer, including all possible enan- 
tiomers and diastereomers. The compounds of the present 
invention are directed to all of the optical isomers, i.e., the 
compounds of the present invention are either the 
L- stereoisomer or the D- stereoisomer. These stereoisomers 
may be found in mixtures of the L and D stereoisomer, e.g., 
racemic mixtures. The D stereoisomer is preferred. 

Depending upon the substituents, the present compounds 
may form addition salts as well. All of these forms are 
contemplated to be within the scope of this invention 
including mixtures of the stereoisomeric forms. 

The following three schemes of preparation are generally 
exemplary of the process which can be employed for the 
preparation of the present complex. Although the com- 
pounds in the schemes hereinabove contain only the 


c 

II 

o 


moiety, it is just as applicable to compounds of Formula I 
wherein either A or Q is sulfur or both A or Q are sulfur. 


Scheme I 


I 2 

HOOC-C— NH 2 
Rj 


SOCl 2 „ 
MeOH* 


rnh 2 


> 


o r 2 
II I 

R— NH— C— C— NH 2 
Rj 


o o 
II II 
RjC-O-C— R, 
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o r 2 o 

II I II 

5 RNH-C — C— NHCRi 

I 

R3 
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-continued 

Scheme II 

O O R 2 O 
, RNH 2 II II I II 

; R17OCOC— C — NH — CRi 

r 3 


C 02 + R 17 OH 
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> 


o R 2 

II I 

RNH — C— C — NH — C— Rj 50 

I II 

r 3 o 


Scheme II 


f* 

HOOC — C— NH 2 

r 3 


o o 

II II 

RiCOCRi 


f 


^ HOOC-C— NH-CRi 
Ra 


CICORn 
tertiary amine 


wherein 

R 17 =lower alkyl, aryl, aryl lower alkyl. 


15 


20 


o 

II 

RiCNH 2 


Scheme HI 

00 

Mil 

r 2 ccoh 


0 OHO 

II I II 

> RiCNH-C— COH 
R2 


25 || 


0 OR l7 0 
I II 

RiCNH-C CNHR 4 

I ^ 

r 2 


RNHa 


30 


with or 

without catalyst 
(i.e.,M + CN“) 


RnOH/H* 

V 

O ORn 0 

II I II 

RiCNH— C CORn 

r 2 


R 3 H 

Lewis acid, such as BF^OCEtk 


O 

II 


r 3 o 
I II 


RiCNH-C -CNHR 
35 | 

R 2 


wherein 

40 R 3 =aryl, heteroaromatic and R 17 is as defined herein- 
above. 

More spedfidcally these compounds can be prepared by 
art-recognized procedures from known compounds or 
readily preparable intermediates. For instance, compounds 
of Formula I can be prepared by reacting amines of Formula 
IE with an acylating derivative of a carboxylic acid of 
Formula HI under amide forming conditions: 


RNH- 


0 r 2 
11 1 

-C— C— NH— | — H + Ri — C — OH 

r 3 

m 


55 


wherein R, R 1% R 2 , R 3 and are as defined hereinabove and 
n=l. 

60 aniide forming conditions referred to herein involve 

the use of known derivatives of the described acids, such as 
the acyl halides, (e.g., 

Ri-c-x, 


65 


O 
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wherein X is Cl, Br and the like), anhydrides (e.g.. 


-continued 

Scheme IV 


O 0 


I) II 

Rj — C — O — C — Rj) 


O R 2 O 

II I II 

5 RiCNH — C — COH 
H 3 


1. M+OH- 

2 . H 30 + 


o r 2 o 

II I II 

RiCNH— C— COR 17 

R 3 


mixed anhydrides, lower alkyl esters, carbodiimides, 
carbonyldiimidazoles, and the like. It is preferred that the io 
acylating derivative used is the anhydride, 


Rl— c— o— c— Ri. 15 


vn 


Ci-CORn 
tertiary amine 


R 2 O 

I II 


RiCNH-C-C-0-CR l7 

r 3 


When alkyl esters are employed, amide bond formation can 
be catalyzed by metal cyanides such as sodium or potassium 20 
cyanides. 


VI 


rnh 2 

with W 

without catalyst 
(i. e, M+CN-) 


Another exemplary procedure for preparing compounds 
wherein at least one of and R 3 is aromatic or heteroaro- 25 
matic is depicted in Scheme IV. 


V 


RiCNH— C—C—NHR 

II I 

O R 3 


<■ 


The ester (IV) is reacted with halogen and ultraviolet light 
in the presence of a catalyst, e.g., AIBN, to form the halo 30 
derivative (V). (V) is reacted in the presence of a Lewis add, 
such as zinc chloride, with an aromatic or heteroaromatic 
compound to form the compound (VI). (VI) in turn is 
hydrolyzed and then reacted with alkylhaloforraate, such as 
alkylchloroformate in the presence of a tertiary amine to 35 
generate the mixed N-acyl amino add carbonic ester anhy- 
dride (Vm). This intermediate is reacted with an amine 
under amide forming conditions to give the compound of 
Formula I. Alternatively, (VI) can be reacted directly with an 
amine (RNHJ optionally in the presence of a metal catalyst, 
such as metal cyanides, e.g., potassium or sodium cyanide, 
under amide forming conditions to form a compound of 
Formula I. Alternatively, compound VUE can be prepared by 
an independent method and converted to VI which is then 45 
reacted with an amine, with or without catalyst to form the 
compound of Formula L 


Scheme IV 


50 


I 

X=halogen (i.e., Cl, Br) 

R 17 =lower alkyl, aryl, arly lower alkyl 
M+=metal cation (i.e., Na + , K*) 

Two additional synthetic routes may be employed for the 
preparation of compounds wherein R 2 or R 3 is Z — Y as 
defined hereinabove. In one scheme, for the preparation of 
these complexes, a substitution reaction is used: 

Scheme V 


H R 3 H O 

I I I II 

RN— C— C— N— C— Ri 
O OR 9 


BBis 

CH 2 CI 2 ^ 


DC 


H O R 3 H O 

I II I I II 

RN— C— C— N-C— R. 

I 

Br 


excess HR 2 or MR 2 
THF (—78° C.) 
or 

lJEtsN 

2)HR 2 

THF (—78° C.) 


> 


OO 0X0 

II 11 x 2 II I II 

R 1 CNHCHCOR 17 — ; — RiCNH— C — COR 17 

| hv, AIBN | 

Rs Rj 

IV V 

Lewis Acid 
RtH 

V 


compound of Formula I, 

In the above scheme, R<, is lower alkyl, R 2 is Z — Y and 
Z, Y, R, R 3 and are as defined hereinabove. 

55 The ether functionality on IX can be cleaved by treatment 
with Lewis acids, such as BBr 3 in an inert solvent such as 
methylene chloride to form the corresponding halo (bromo) 
derivative. Addition of either an excess of the H — R^ or 
MR 2 or the sequential addition of triethylamine and H — R 2 
60 to a THF mixture containing the halo derivative furnishes 
the desired product. For example, in the case wherein the 


65 
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compound of Formula IX is 2-acetamido-N-benzyl-2- 
ethoxy acetamide, its treatment with BBr 3 in CH 2 C1 2 led to 
the formation of the a-bromo derivative, 2-acetamido-N- 
benzyl-2-bromoacetamide. Addition of an excess of HR 2 or 
the sequential addition of HR 2 to a THF mixture containing 5 
the bromo adduct furnishes the desired product. 

In another procedure, the product wherein R 2 or r 3 is 
Z — Y can also be prepared by substitution reaction on a 
quaternary ammonium derivative of the compound of For- 
mula I as outlined below 

Scheme VI 


lactams, imides, enamines, and S-substituted thioesters. 
Thus, this reagent can be used to transform compounds of 
Formula I wherein Q or A is O to compounds wherein one 
or both of Q or A is S. The number of 

c 
II 

s 

10 groups in the final product is dependent upon the amount of 
reagent added and the number of 


Rio^ ^R9 
O N H 


H || | | 

RN-C-C-N-C-Ri 

I II 


r 3 o 


(CH 3 >30 + BF4 

CH3N02 




X 


Ri°\CH^R9 
O N + H 


H || | | 

RN— C— C—NC— R, 

I II 

r 3 o 


excess R 2 H 


> 


C 



groups present (i.e., the value of n) in the reactants having 
Formula I. For example, if n is 1. and both Q and A are 
oxygen, than the compounds of Formula I have two 


o 

desired product 

25 groups. Thus, if it is desired that both 


In scheme VL R, R 1? R 3 and R are as defined hereinabove, 
R 2 is Z — Y and 1*9 and R 10 are independently lower alkyl. 
In scheme VI methylation of compound X with a methy- 
lation reagent, such as trimethyloxonium tetrafluoroborate 
provided the corresponding ammonium derivative. Subse- 
quent treatment of the ammonium salt with HR 2 furnishes 
the desired product. For example, methylation of 
2-acetamido-N-benzyl-2-(N,N-dimethylamino)acetamide 
with trimethyloxonium tetrafluoroborate in nitromethane 
furnished the quaternary ammonium derivative, 
2-acetamido-N-benzyl-(N,N,N-triraethylammonium) 
acetamide tetrafluoroborate in high yields. Subsequent treat- 
ment of the salt with the HR 2 reagent in the methanol leads 
to the production of the desired product. 

As in any organic reaction, solvents can be employed such 
as methanol, ethanol, propanol, acetone, tetrahydrofuran, 
dioxane. dimethylformamide, dichloromethane, chloroform, 
and the like. The reaction is normally effected at or near 
room temperature, although temperatures from 0° C. up to 
the reflux temperature of the reaction mixture can be 
employed. 

As a further convenience, the amide forming reaction can 
be effected in the presence of a base, such as tertiary organic 
amine, e.g., triethylamine, pyridine, 4-methylmorpholine, 
picolines and the like, particularly where hydrogen halide is 
formed by the amide forming reaction, e.g., the reaction acyl 
halide and the amine of Formula IL Of course, in those 
reactions where hydrogen halide is produced, any of the 
commonly used hydrogen halide acceptors can also be used. 

The exact mineral acid or Lewis acid employed in the 
reaction will vary depending on the given transformation, 
the temperature required for the conversion and the sensi- 
tivity of the reagent toward the acid in the reaction 
employed. 

Compounds of the present invention in which Q or A is S 
are prepared from the corresponding compounds in which Q 
or A is 0 by art recognized techniques. For example, one 
reagent that can be used is Lawesson’s reagent, i.e„ [2,4- 
bis-(4-methoxyphenyl)-l,3-dithia-2,4-diphosphetane-2- ,4- 
disulfide]. This reagent is a known reagent for the filiation of 
such compounds as ketones, carboxamides, esters, lactones, 


c 

II 

o 

30 

groups be transformed to 


35 


then approximately equimolar amount or a slight excess of 
is added to compounds of Formula L On the other hand, if 
only one 


c 

II 


s 


45 group is desired in the final product, then approximately Vi 
molar equivalent of Lawesson’s reagent is used. 

Furthermore, it is not necessary to add the reagent at the 
last step of the synthesis; the reagent can be added at any 
50 stage of the syntheses outlined in Schemes I-VI herein- 
above. As before, the amount of the reagent added depends 
upon the number of 

c 


desired in the product, and the number of 


o 

groups in the reactant. 

65 Regardless of which step in the synthesis the reagent is 
added, the reagent and the compound of Formula I having at 
least one 
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c 

II 

o 

group or an intermediate thereof is dissolved in an inert 
solvent, such as THF and heated at a temperature effective 
to convert the 

c 

II 

o 

group to 

c. 

II 

s 

Temperatures ranging from room temperature to the reflux 
temperature of the solvent can be used. In cases when n=l, 
it is preferred that the reaction is heated to about reflux if 
both Q and A are converted to S and that about room 
temperature be used if one of Q or A is converted to S. 

The various substituents on the present new compounds, 
e.g., as defined in R, R A , R 2 and R 3 can be present in the 
starting compounds, added to any one of the intermediates 
or added after formation of the final products by the known 
methods of substitution or conversion reactions. For 
example, the nitro groups can be added to the aromatic ring 
by nitration and the nitro group converted to other groups, 
such as amino by reduction, and halo by diazotization of the 
amino group and replacement of the diazo group. Alkanoyl 
groups can be substituted onto the aiyl groups by Friedel- 
Crafts acylation. The acyl groups can be then transformed to 
the corresponding alkyl groups by various methods, includ- 
ing the Woff-Kishner reduction and Clemmenson reduction. 
Amino groups can be alkylated to form mono, dialkylamino 
and trialkylamino groups; and mercapto and hydroxy groups 
can be alkylated to form corresponding thioethers or ethers, 
respectively. Primary alcohols can be oxidized by oxidizing 
agents known in the art to form carboxylic adds or 
aldehydes, and secondary alcohols can be oxidized to form 
ketones. Thus, substitution or alteration reactions can be 
employed to provide a variety of substituents throughout the 
molecule of the starting material, intermediates, or the final 
product. 

In the above reactions, if the substituents themselves are 
reactive, then the substituents can themselves be protected 
according to the techniques known in the art. A variety of 
protecting groups known in the art may be employed. 
Examples of many of these possible groups may be found in 
4C Protective Groups in Organic Synthesis,” by T. W. Greene, 
John Wiley & Sons, 1981. 

Resulting mixtures of isomers can be separated in the pure 
isomers by methods known to one skilled in the art, e.g., by 
fractional distillation, crystallization and/or chromot- 
agraphy. 

The present compounds obviously exist in stereoisomeric 
forms and the products obtained thus can be mixtures of the 
isomers, which can be resolved. Optically pure functional- 
ized amino add derivatives can be prepared directly from 
the corresponding pure chiral intermediate. Racemic prod- 
ucts can likewise be resolved into the optical antipodes, for 
example, by separation of diastereomeric salts thereof, e.g., 
by fractional crystallization, by selective enzymatic 
hydrolysis, e.g., papain digestion, or by use of a chiral 
stationary phase in chromotagraphy (HPLC). For a discus- 
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sion of chiral stationary phases for HPLC, See, DeCamp, 
Chirality , 1, 2-6 (1989), which is incorporated herein by 
reference with the same force and effect as if fully set forth 
herein. 

5 For example, a racemic mixture of any of the intermediate 
in any of the schemes, e.g„ 


RiC— NH— C— CORn 
10 I 

R3 

wherein R A7 is H (which can be prepared according to the 
procedures of Schemes 1, 2, 3 or 4) is reacted with an 
15 optically active amine, RNH 2 , e.g., (R)(+)a- 
methylbenzylamine to form a pair of diasteroomeric salts. 
Diastereomers can then be separated by recognized tech- 
niques known in the art, such as fractional recrystallization 
and the like. 

20 In another method, a racemic mixture of final products or 
intermediates can be resolved by using enzymatic methods. 
Since enzymes are chiral molecules, it can be used to 
separate the racemic modification, since it will preferentially 
act on one of the compounds, without affecting the enanti- 
25 omer. For example, acylase, such as acylase I, can be used 
to separate the racemic modification of an intermediate 
D,L(±)a-acetamido-2-furanacetic acid. It acts on the L (±)a- 
acetamido-2-furanacetic acid, but will not act on the J) 
enantiomer. In this way, the D(-)a-acetamido-2-furanacetic 
30 acid can be isolated. The intermediate can then react with the 
amine (RNH 2 ) under amide forming conditions as described 
hereinabove to form the compound of Formula L 
The active ingredients of the therapeutic compositions 
and the compounds of the present invention exhibit excellent 
35 anticonvulsant activity when administered in amounts rang- 
ing from about 10 mg to about 100 mg per kilogram of body 
weight per day. A preferred dosage regimen for optimum 
results would be from about 20 mg to about 50 mg per 
kilogram of body weight per day, and such dosage units are 
40 employed that a total of from about 1.0 gram to about 3.0 
grams of the active compound for a subject of about 70 kg 
of body weight are administered in a 24-hour period. This 
dosage regimen may be adjusted to provide the optimum 
therapeutic response and is preferably administered one to 
45 three times a day in dosages of about 600 mg per adminis- 
tration. For example, several divided doses may be admin- 
istered daily or the dose may be proportionally reduced as 
indicated by the exigencies of the therapeutic situation. A 
decided practical advantage is that the active compound may 
50 be administered in an convenient manner such as by the oral, 
intraveneous (where water soluble), intramuscular or sub- 
cutaneous routes. 

The active compound may be orally administered, for 
example, with an inert diluent or with an assimilable edible 
55 carrier, or it may be enclosed in hard or soft shell gelatin 
capsule, or it may be compressed into tablets, or it may be 
incorporated directly with the food of the diet For oral 
therapeutic administration, the active compound may be 
incorporated with excipients and used in the form of ingest- 
60 ible tablets, buccal tablets, troches, capsules, elixirs, 
suspensions, syrups, wafers, and the like. Such compositions 
and preparations should contain at least 1% of active com- 
pound. The percentage of the compositions and preparations 
may, of course, be varied and may conveniently be between 
65 about 5 to about 80% of the weight of the unit The amount 
of active compound in such therapeutically useful compo- 
sitions is such that a suitable dosage will be obtained. 



5,654,301 


19 


20 


Preferred compositions or preparations according to the 
present invention are prepared so that an oral dosage unit 
form contains between about 5 and 1000 mg of active 
compound. 

The tablets, troches, pills, capsules and the like may also 
contain the following: A binder such as gum tragacanth, 
acacia, corn starch or gelatin; excipients such as dicalcium 
phosphate; a disintergrating agent such as corn starch, potato 
starch, alginic acid and the like; a lubricant such as magne- 
sium stearate; and a sweetening agent such as sucrose, 
lactose or saccharin may be added or a flavoring agent such 
as peppermint, oil of wintergreen, or cherry flavoring. When 
the dosage unit form is a capsule, it may contain, in addition 
to materials of the above type, a liquid carrier. Various other 
materials may be present as coatings or to otherwise modify 
the physical form of the dosage unit. For instance, tablets, 
pills, or capsules may be coated with shellac, sugar or both. 
A syrup or elixir may contain the active compound, sucrose 
as a sweetening agent, methyl and propylparabens as 
preservatives, a dye and flavoring such as cherry or orange 
flavor. Of course, any material used in preparing any dosage 
unit form should be pharmaceutically pure and substantially 
non-toxic in the amounts employed. In addition, the active 
compound may be incorporated into sustained-release 
preparations and formulations. For example, sustained 
release dosage forms are contemplated wherein the active 
ingredient is bound to an ion exchange resin which, 
optionally, can be coated with a diffusion barrier coating to 
modify the release properties of the resin. 

The active compound may also be administered parenter- 
ally or intraperitoncally. Dispersions can also be prepared in 
glycerol, liquid polyethylene glycols, and mixtures thereof 
and in oils. Under ordinary conditions of storage and use, 
these preparations contain a preservative to prevent the 
growth of microorganisms. 

The pharmaceutical forms suitable for injectable use 
include sterile aqueous solutions (where water soluble) or 
dispersions and sterile powders for the extemporaneous 
preparation of sterile injectable solutions or dispersions. In 
all cases the form must be sterile and must be fluid to the 
extent that easy syringability exists. It must be stable under 
the conditions of manufacture and storage and must be 
preserved against the contaminating action of microorgan- 
isms such as bacteria and fungi. The carrier can be a solvent 
or dispersion medium containing, for example, water, 
ethanol, polyol (for example, glycerol, propylene glycol, and 
liquid polyethylene glycol, and the like), suitable mixtures 
thereof, and vegetable oils. The proper fluidity can be 
maintained, for example, by the use of a coating such as 
lecithin; by the maintenance of the required particle size in 
the case of dispersion and by the use of surfactants. The 
prevention of the action of microorganisms can be brought 
about by various antibacterial and antifungal agents, for 
example, parabens, chlorobutanol, phenol, sorbic acid, 
thimerosal, and the like. In many cases, it will be preferable 
to include isotonic agents, for example, sugars or sodium 
chloride. Prolonged absorption of the injectable composi- 
tions can be brought about by the use in the compositions of 
agents delaying absorption, for example, aluminum 
monostearate and gelatin. 

Sterile injectable solutions are prepared by incorporating 
the active compound in the required amount in the appro- 
priate solvent with various of the other ingredients enumer- 
ated above, as required, followed by filtered sterilization. 
Generally, dispersions are prepared by incorporating the 
various sterilized active ingredient into a sterile vehicle 
which contains the basic dispersion medium and the 


required other ingredients from those enumerated above. In 
the case of sterile powders for the preparation of sterile 
injectable solutions, the preferred methods of preparation 
are vacuum drying and the freeze-drying technique which 
5 yield a powder of the active ingredient plus any additional 
desired ingredient from previously sterile-filtered solution 
thereof. 

As used herein, “pharmaceutically acceptable carrier” 
includes any and all solvents, dispersion media, coatings, 
10 antibacterial and antifungal agents, isotonic and absorption 
delaying agents, and the like. The use of such media and 
agents for pharmaceutical active substances is well known in 
the art. Except insofar as any conventional media or agent is 
incompatible with the active ingredient, its use in the thera- 
15 peutic compositions is contemplated. Supplementary active 
ingredients can also be incorporated into the compositions. 

It is especially advantageous to formulate parenteral com- 
positions in dosage unit form for ease of administration and 
uniformity of dosage. Dosage unit form as used herein refers 
20 to physically discrete units suited as unitary dosages for the 
mammalian subjects to be treated; each unit containing a 
predetermined quantity of active material calculated to pro- 
duce the desired therapeutic effect in association with the 
required pharmaceutical carrier. The specification for the 
25 novel dosage unit forms of the invention are dictated by and 
directly dependent on (a) the unique characteristics of the 
active material and the particular therapeutic effect to be 
achieved, and (b) the limitations inherent in the art of 
compounding such an active material for the treatment of 
30 disease in living subjects having a diseased condition in 
which bodily health is impaired as herein disclosed in detail. 

The principal active ingredient is compounded for con- 
venient and effective administration in effective amounts 
with a suitable pharmaceutically acceptable carrier in dosage 
35 unit form as hereinbefore disclosed. A unit dosage form can, 
for example, contain the principal active compound in 
amounts ranging from about 5 to about 1000 mg, with from 
about 250 to about 750 mg being preferred. Expressed in 
proportions, the active compound is generally present in 
40 from about 10 to about 750 mg/ml of carrier. In the case of 
compositions containing supplementary active ingredients, 
the dosages are determined by reference to the usual dose 
and manner of administration of the said ingredients. 

The compounds of the present invention may be admin- 
45 istered in combination with other anti-convulsant agents, 
such as phenytoin, phenbarbitol, mephenytoin, and 
phenacemide, and the like. This combination is likely to 
exhibit synergistic effects. 

For a better understanding of the present invention 
so together with other and further objects, reference is made to 
the following description and examples. 

General Methods. 

Melting points were determined with a Thomas-Hoover 
melting point apparatus and are uncoirected. Infrared spec- 
55 tra (IR) were run on a Beckman IR-4250 and Perkin -Elmer 
1330 and 283 spectrophotometers and calibrated against the 
1601-cm~ A band of polysytrene. Absorption values are 
expressed in wavenumbers (cm -1 ). Proton nuclear magnetic 
resonance ( l H NMR) spectra were recorded on Varian 
60 Associates Models T-60 and FT-80A, General Electric QE 
300, and Nicolet NT-300 NMR spectrometers. Carbon 
nuclear magnetic resonance ( X3 C NMR) spectra were run on 
a Varian Associates Models FT-80A General Electric QE 
300 and Nicolet NT-300 instrument. Chemical shifts are in 
65 parts per million (8 values) relative to Me 4 Si, and coupling 
constants (J values) are in hertz. Mass spectral data were 
obtained at an ionizing voltage of 70 eV on a Hewlett- 
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Packard 5930 gas chromotagraph-mass spectrometer and a 
Bell-HoweU 21-491 spectrometer as well as at the Eli Lilly 
Laboratories on a Varian MATCH-5 spectrometer. High- 
resolution (El mode) mass spectra were performed by Drs. 
James Hudson and John Chinn at the Department of 
Chemistry, University of Texas at Austin, on a CEC21-110B 
double-focusing magnetic-sector spectrometer at 70 eV. 
Elemental analyses were obtained at Spang Microanalytical 
Laboratories, Eagle Harbor, Mich, and at the Eli Lilly 
Research Laboratories. 

The solvents and reactants were of the best commercial 
grade available and were used without further purification 
unless noted. All anhydrous reactions were run under 
nitrogen, and all glassware was dried before use. In 
particular, acetonitrile and triethylamine were distilled from 
CaH 2 , while dichloromethane was distilled from P 2 0 5 . 
Acetic anhydride, benzaldehyde and ethyl chlorofonnate 
were fractionally distilled. 

Preparation of N-Acetyl-D- and L-amino acid-N- 
benzylamides. 

General Procedure. 

The D- or L-amino acid amide (11 mmol) was dissolved 
in dichloromethane (15 mL) and then acetic anhydride (1.23 
g, 1.40 mL, 12 mmol) was added dropwise. The solution was 
stirred at room temperature (18 h) and then concentrated to 
dryness. The residue was recrystallized from chloroform/ 
hexane. The following examples 1-7 were prepared accord- 
ing to this procedure. 

EXAMPLE 1 

Preparation of N-Acetyl-DX-alanine-N , -benzylamide. 

Acetic anhydride (2.20 g, 0.022 mol) was slowly added to 
a methylene chloride solution (30 mL) of DX-alanine-N- 
benzylamide (3.80 g, 0.021 mol) and allowed to stir at room 
temperature (3 h). The mixture was then successively 
washed with H 2 0 (15 mL), 1% aqueous NaOH (15 mL) and 
H 2 0 (15 raL), dried (Na 2 S0 4 ) and concentrated in vacuo. 
The residue was reciystallized from CH 2 C1 2 . 

Yield: 2.50 g (54%). 

mp 139°-141° C. 

a H NMR (DMSO-cU: 5 1.22 (<U=7.1 Hz, 3H), 1.84 (s, 
3H), 4.04-4.50 (m, 3H), 7.26 (s, 5H), 8.11 (br d,J=7.3 Hz, 
1H), 8.42 (br U=6 Hz, 1H). 

i3 C NMR (DMSO-dg): 18.2, 22.4, 41.9, 48.2, 126.5, 
126.9, 128.1, 139.4, 168.9, 172.4 ppm. 

IR (CHC1 3 ) 3440, 3300, 3005, 1660, 1515 cnT 1 . 

Mass spectrum (Cl mode), m/e: 221 (P+1); mol wt 
220.1208 (Calculated for C 12 H 16 N 2 0 2 , 220.1212). 

EXAMPLE 2 

N-Acetyl-D-alanine-N 1 -benzylamide. 

Yield: 136 g (56%). 

mp 139°-141° C. 

[a] D ”=+36.2 (c 2.5, MeOH). 

*H NMR (80 MHz, DMSO-d s ): 8 1.25 (dJ=7.1 Hz, 3H). 
1.86 (s. 3H), 4.10-4.50 (m. 1H), 430 (dj=6.0 Hz. 2H), 7.26 
(s. 5H), 8.09 (dj=7.3 Hz, 1H), 8.40 (tJ=6.0 Hz. 1H). 

13 C NMR (80 MHz. DMSO-ds): 183, 22.5, 42.0. 48.4, 
126.6, 127.0 (2C), 128.2 (2C), 139.4, 169.2, 172.5 ppm. 

IR (KBr): 3290, 1635 (br), 1540, 1455, 700, 695 cm" 1 . 

Mass spectrum, m/e (relative intensity): 221 (30), 114 
(20), 106 (40), 91 (80), 87 (100), 77 (5), 72 (20), 65 (5). 

Elemental analysis Calculated for C 12 H 16 N 2 0 2 65.42% 
C;734% H; 12.72% N. Found 6531% C; 7.28% H; 12.63% 
N. 
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EXAMPLE 3 

N-Acetyl-I^alanine-N’-benzylamide. 

Yield: 1.11 g (46%). 

5 mp 139°-142° C. 

[ah 23 =-35.3 (c 2.5, MeOH). 

*H NMR (80 MHz, DMSO-ds): 5 1.23 (dJ=7.2 Hz, 3H), 
1.86 (s. 3H), 4.26-4.35 (m, 1H), 4.29 (dj=5.8 Hz, 2H), 
7.22-7.33 (s, 5H), 8.10 (dj=7.4 Hz, 1H), 8.42 (tj=5.8 Hz, 
io 1H). 

13 C NMR (80 MHz, DMSO-d 6 ): 18.3, 22.6, 42.0, 48.4, 
126.7, 127.0 (2C), 128.3 (2C), 139.5, 169.2, 172.6 ppm. 

IR (KBr): 3290, 1635 (br), 1545, 1450, 700, 695 cm' 1 . 

Mass spectrum, m/e (relative intensity): 221 (40). 114 
(40), 106 (80), 106 (80), 91 (75). 87 (100), 77 (5), 72 (15), 
65 (5). 

Elemental analysis Calculated for C 12 H 16 N 2 0 2 65.42% 
C; 734% H; 12.72% N. Found 65.58% C; 7.32% H; 12.43% 
20 n. 

EXAMPLE 4 

Preparation of N-Acetyl-D,L-phenylglycine-N'- 
methylamide. 

25 Acetic anhydride (2.90 g, 28 mmol) was added dropwise 
to D,L-phenylglydne-N-methylamide (3.4 g, 20 mmol) and 
allowed to stir at room temperature (1.5 h). During this time, 
a copious white precipitate formed. This material was col- 
lected by filtration, dried in vacuo and recrystallized from 
30 absolute alcohol. 

Yield: 2.00 g (49%). 

mp 232°-235° C. (dec). 

l H NMR (DMSO-de): 8 1.89 (s, 3H), 2.58 (<U=4.6 Hz, 
3H), 5.42 (d,J=8.1 Hz. 1H), 735 (s, 5H), 8.18 (br qj=4.2 
35 Hz. 1H), 8.47 (dJ=8.1 Hz, 1H). 

13 C NMR (DMSO-ds): 22.4, 25.5, 56.3, 127.1, 1273, 
128.1, 139.0, 168.9, 170.3 ppm. 

IR (KBr): 3310. 1645 cm -1 . 

40 Mass spectrum (Q mode), m/e: 207 (P+1). 

Elemental analysis Calculated for C U H 14 N 2 0 2 64.06% 
C; 6.86% H; 13.58% N. Found 63.79% C; 6.66% H; 13.27% 
N. 

^ EXAMPLE 5 

45 

Preparation of N-Acetylglycine-N-benzylaraide. 

The D, L-amino add amide (11 mmol) was dissolved in 
dichloromethane (15 mL) and then acetic anhydride (133 g, 
1.40 mL, 12 mmol) was added dropwise. The solution was 
50 stirred at room temperature (4-6 h) and then concentrated to 
dryness. The residue was recrystallized from chloroform/ 
hexane. 

Yield: 1.84 g (81%). 

mp 140°-142° C. 

55 *H NMR (DMSO-ds): 5 1.88 (s, 3H), 3.74 (dJ=5.3 Hz, 
2H), 430 (d.J=5.1 Hz, 2H), 7.27 (s, 5H), 8.37 (br s, 1H), 
8.75 (br s. 1H). 

l3 C NMR (DMSO-ds): 22.5, 42.0, 42.5, 126.6, 127.1 
so (2C), 128.1 (2C), 139.3, 169.0, 169.6 ppm. 

IR (KBr): 3060, 1655, 1640, 1560, 1545, 1450, 1300. 740, 
710 cm" 1 . 

Mass spectrum, m/e (relative intensity): 206 (3), 147 (12), 
106 (100), 91 (75), 73 (50). 

65 Elemental analysis Calculated for C u H 14 N 2 0 2 64.05% 
C; 6.86% H; 13.58% N. Found 64.03% C; 6.79% H; 13.61% 
N. 
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EXAMPLE 6 

Preparation of N-Acetyl-DJL-valine-N-benzylamide. 

The DX-araino acid amide (11 mmol) was dissolved in 
dichlororaethane (15 mL) and then acetic anhydride (1.23 g, 

1.40 mL, 12 mmol) was added dropwise. The solution was 
stirred at room temperature (4-6 h) and then concentrated to 
dryness. The residue was recrystallized from chloroform/ 
hexane. 

Yield: 2.35 g (86%). 
mp 192°-193° C. 

NMR (DMSO-dg): 8 0.83 (d,J=6.7 Hz, 6H), 1.87 (s, 
3H), 1.73-2.09 (m, 1H), 4.11 (dj=8.8 Hz, 1H), 4.27 (d,J=5.8 
Hz. 2H), 7.26 (s. 5H), 7.89 (dJ=8.8 Hz, 1H), 8.84 (t,J=5.8 
Hz, 1H). 

13 C NMR (DMSO-d 6 ): 18.1, 19.2, 22.4, 30.2, 41.9, 57.8, 
126.6. 127.1 (2C). 128.1 (2C), 139.4, 169.2, 171.1 ppm. 

JR (KBr): 1625, 1540, 1535, 1450, 1380, 1290, 750, 695 
cm -1 . 

Mass spectrum, m/e (relative intensity): 142 (16), 114 
(43), 106 (29), 91 (57), 72 (100). 

Elemental analysis Calculated for C 14 H 20 N 2 0 2 67.70% 
C; 8.13% H; 11.28% N. Found 67.58% C; 8.05% H; 11.10% 
N. 

EXAMPLE 7 

Preparation of N-Acetyl-D,L-phenylglycine-N- 
benzylamide. 

The DX-araino acid amide (11 mmol) was dissolved in 
dichloromethane (15 raL) and then acetic anhydride (1.23 g, 

1.40 mL, 12 mmol) was added dropwise. The solution was 
stirred at room temperature (4-6 h) and then concentrated to 
dryness. The residue was recrystaHized from chloroform/ 
hexane. 

Yield: 2.05 g (66%). 

mp 202°-203° C. 

X H NMR (DMSO-d 6 ): 5 1.91 (s, 3H), 4.27 (dj=5.6 Hz, 
2H), 5.50 (d,J=7.9 Hz, 1H), 7.21 (s, 5H), 7.36 (s, 5H), 
8.38-8.86 (m 2H). 

i3 C NMR (DMSO-d 6 ): 22.3, 42.0, 56.3, 126.6 (2C), 
127.0, 127.1 (2C), 127.4 (2C), 128.1 (2C), 138.9, 139.0, 
168.9, 169.9 ppm 

IR (KBr): 3020, 1635. 1580, 1540, 1450, 1265, 745, 690 
cm" 1 . 

Mass spectrum m/e (relative intensity): 283 (20), 264 
(21), 149 (100), 131 (20), 118 (34), 106 (92), 91 (70), 79 
(56), 77 (54), 65 (45), 51 (37). 

Elemental analysis Calculated for C 17 H 18 N 2 0 2 72.31% 
C; 6.44% H; 9.92% N. Found 72.49% C; 6.47% H; 9.89% 
N. 

Preparation of N-Acetyl-D- and L-phenylglycine-N- 
benzylamide. 

General Procedure. 

The chiral Boc-protected phenylglycine-N-benzylamide 
was dissolved in trifluoroacetic acid (0.04M) and was stirred 
at room temperature (30 min), during which time gas 
evolved. The solution was concentrated in vacuo and the 
residue was redissolved in enough methanol to form a 
solution of 0.2M. Methanesulfonic acid (1 equiv) was added 
dropwise and stirred for 5 min. After concentrating the 
solution in vacuo, the residue was repeatedly dissolved in 
methanol and the solvent was removed (3 times). The 
residue was then dried under vacuum (18 h), leaving a 
yellow oil. 


Without further purification, the phenylglycine-N- 
benzylamide methanesulfonate was dissolved in tetrahydro- 
furan (0.2M) and then was cooled in an ice bath. Triethy- 
lamine (2 equiv) was added dropwise, followed by acetyl 

5 chloride (1 equiv). The ice bath was removed and stirring 
was continued at room temperature (18 h). The solution was 
concentrated in vacuo and the residue was recrystallized 
from 1:1 95% ethanol/water. Examples 8 and 9 were pre- 
pared according to this procedure. 

10 EXAMPLE 8 

N-Acetyl-D-phenylglycine-N-benzylamide. 

The reaction was run on an 11.9 mmol scale. 

Yield: 2.97 g (88%). 

15 mp 219°-221° C. 

[ot] c =-103.0 (c 1%, EtOH). 

‘H NMR (DMSO-d 6 ): 6 1.91 (s, 3H), 4.27 (dj=5.5 Hz, 
2H), 5.50 (dj=7.8 Hz, 1H), 7.14-7.44 (m, 10H), 8.56 

20 (dj=7.8 Hz. 1H). 8.79 (t,J=5.5 Hz, 1H). 

l3 C NMR (DMSO- 6 ): 22.4, 42.0, 56.4, 126.7, 127.0 (2C) 
127.2 (2C), 127.4, 127.9 (2C), 128.1 (2C), 138.9. 139.0, 
168.9, 170.0 ppm. 

IR (KBr): 3260, 1620, 1525, 1450, 1370, 720, 690 cm" 1 . 

25 Mass spectrum ra/e (relative intensity): 203 (2), 149 (94), 
106 (100), 91 (32), 86 (43), 77 (14). 

Elemental analysis Calculated for C 17 H 18 N 2 0 2 72.32% 
C; 6.43% H; 9.92% N. Found 72.04% C; 6.22% H; 9.78% 
N. 

30 

EXAMPLE 9 

N-Acetyl-Lrphenylglydne-N-benzylamide. 

Beginning with 16.1 mmol N-t-Boc-L-phenylglycine-N- 
benzylamide. 

Yield: 2.99 g (66%). 

rap 221°-222° C. 

[a] o =+105.1 (c 1%, EtOH). 

*H NMR (DMSO-d 6 ): 6 1.99 (s, 3H), 4.36 (d,J=5.6 Hz. 

^ 2H), 5.60 (dj=8.0 Hz, 1H), 7.23-7.53 (m, 10H), 8.60 
(dj=8.0 Hz. 1H), 8.83 (t, 1=5.6 Hz, 1H). 

l3 C NMR (DMS0-d 6 ): 22.4. 42.1, 56.5, 126.8, 127.1 
(2C), 127.3 (2C), 127.5, 128.2 (4C), 139.0, 139.1, 169.1, 
170.1 ppm. 

45 IR (KBr): 3295, 1630, 1530, 1450, 1395, 720, 695 cm" 1 . 

Mass spectrum, m/e (relative intensity): 223 (1). 203 (2), 
149 (98), 106 (100), 91 (32), 86 (43), 77 (11). 

Elemental analysis Calculated for C 17 H 18 N 2 0 2 72.32% 
C; 6.43% H; 9.92% N. Found 72.53% C; 6.49% H; 9.67% 

so R 

EXAMPLE 10 

Preparation of N-Acetyl-D,L-alanine-N-(3-methoxy) 
benzylamide. 

55 The D,L-amino add amide (11 mmol) was dissolved in 
dichloromethane (15 raL) and then acetic anhydride (1.23 g, 

1,40 mL, 12 mmol) was added dropwise. The solution was 
stirred at room temperature (4—6 h) and then concentrated to 
dryness. The residue was reciystallized from chloroform/ 

^ hexane. 

Yield: 0.47 g (17%). 

mp 112°-115° C. 

X H NMR (DMSO-d 6 ): S 1.23 (d,J=7.1 Hz, 3H), 1.85 (s, 
3H), 

65 3.73 (s, 3H), 3.99-4.48 (m 1H), 4.25 (d,J=6.1 Hz, 2H), 

6.58-7.35 (m, 4H), 8.05 (dj=7.4 Hz, 1H), 8.35 (t,J=6.0 Hz, 
1H). 
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13 CNMR(DMSO-d 6 ): 18.1,22.5,41.8,48.3,54.9, 112.2, 
112.3, 119.0, 129.2, 141.0, 159.3, 169.0, 172.4 ppm. 

IR (KBr): 3270, 3065, 1625, 1580, 1450, 1260, 1150, 
1095, 900, 775, 700, 690 cm- 1 . 

Elemental analysis Calculated for C 13 Hx 8 N 2 0 3 62.37% 
C; 7.26% H; 11.19% N. Found 62.29% C; 7.13% H; 11.08% 
N. 


EXAMPLE 11" 

Preparation of N-Trimethylacetyl-D,L-alanine-N- 
benzylamide. 

DX-Alanine-N-benzylamide (3.56 g, 20 mmol) was dis- 
solved in dichloromethane (25 mL) and tiimethylacetic 
anhydride (4.10 g, 4.46 mL, 22 mmol) was added dropwise. 
The solution was stirred at room temperature (18 h) and then 
concentrated to dryness. The solid residue was recrystallized 
from benzene/petroleum ether (30°-ti0° G). 

Yield: 2.07 g (40%). 
mp 123°-124° C. 

*H NMR (DMSCMs): 8 1-12 (s* 9H), 1-27 (dj=7.1 Hz, 
3H), 4.23-4.42 (m, 1H), 4.31 (dJ=5.4 Hz, 2H), 7.23-7.30 
(m, 5H), 7.38 (dj=7.4 Hz, 1H), 8.26 (t J=5.4 Hz, 1H). 

l3 C NMR (DMSO-d$): 18.1, 27.2 (3C), 37.9, 42.0, 48.4, 
126.6, 127.0 (2C), 128.2 (2C), 139.4, 172.5, 177.1 ppm 
IR (KBr): 3300, 1630, 1535 (br), 1455. 745, 695 cm" 1 . 
Mass spectrum, m/e (relative intensity): 262 (2), 203 (19), 
156 (18), 128 (51), 106 (31), 91 (100), 77 (15), 65 (28). 

Elemental analysis Calculated for C 15 H 22 N 2 0 2 68.66% 
C; 8.47% H; 10.68% N. Found 68.91% C; 8.14% H; 10.61% 
N. 


EXAMPLE 12 

Preparation of N-Acetyl-DX-raethionine-N-benzylamide. 

N-Acetyl-DX-methionine (4.78 g, 25 mmol) was com- 
bined with acetonitrile (75 mL) and the mixture was placed 
into an ice/salt water bath (-5° G). Triethylamine (2.53 g, 
3.48 mL, 25 mmol,) was added dropwise, followed by ethyl 
chloroforraate (2.71 g, 2.39 mL, 25 mmol). All additions 
were done slowly so that the temperature of the mixture did 
not rise above 0° C. The mixture was then stirred at -5° C. 
(20 min). Benzylamine (3.00 g, 3.06 mL, 28 mmol) in 
acetonitrile (5 mL) was added dropwise and the mixture was 
stirred at -5° C. (1 h) and then room temperature (18 h). 

The mixture was filtered and a white precipitate was 
collected and dried in vacuo and identified as the desired 
product ^H NMR and 13 C NMR analyses). The filtrate was 
concentrated in vacuo and the residue was combined with 
hot tetrahydrofuran (50 mL) and cooled in the freezer (3 h), 
resulting in the formation of a white precipitate. The mixture 
was filtered and the precipitate was collected, dried in vacuo, 
and identified as triethylammonium hydrochloride. 

The latter filtrate containing tetrahydrofuran was concen- 
trated in vacuo and the resulting residue was purified by 
flash column chromatography (ethyl acetate). A white solid 
(Ry=0.50, ethyl acetate) was isolated and was identified as 
the desired product (*H NMR and 13 C NMR analyses). The 
two solids identified as N-acetyl-D,L-methionine-N- 
benzylamide were combined and recrystallized from 
benzene/petroleum ether (30°-60° G). 

Yield: 2.98 g (43%). 

mp 134°-135° C. 

A H NMR (DMSO-d*): 5 1.69-1.94 (m, 2H), 1.87 (s, 3H), 
2.02 (s, 3H), 2.29-2.59 (m, 2H), 4.10-4.53 (m, 1H), 4.29 


26 

(dj=6.0 Hz, 2H). 7.26 (s, 5H), 8.12 (dj=8.5 Hz, 1H), 8.47 
(tj=6.0 Hz, 1H). 

13 C NMR (DMSO-dg): 14.6, 22.5, 29.7, 31.8, 42.0, 52.0, 
126.6, 127.0 (2C). 128.2 (2C), 139.4, 169.5, 171.4 ppm. 

5 IR (KBr): 3280, 1630, 1545, 1460, 750, 700 cm -1 . 

Mass spectrum, m/e (relative intensity): 280 (3), 206 
(100), 164 (29), 146 (20), 106 (54), 91 (76), 77 (14), 65 (24). 
Elemental analysis Calculated for C 14 H 20 N 2 0 2 S 59.96% 
10 C; 7.20% H; 9.99% N. Found 60.02% C; 7.14% H; 9.91% 
N. 


EXAMPLE 13 

Preparation of N-Acetylalanine-N 1 -(3-fluoro)benzylamide. 

15 N-Acetylalanine (3.28 g, 25 mmol) was combined with 
acetonitrile (100 mL) and the mixture was placed into an 
ice/salt bath at -5° C. Triethylamine (2.53 g, 3.5 mL, 25 
mmol) was added dropwise followed by the addition of ethyl 
chloroformate (2.71 g, 2.40 mL, 25 mmol). All additions 
20 were done slowly so that the temperature of the mixture did 
not rise above 0° C. The mixture was then stirred at -5° C. 
for 20 minutes. 3-Fluorobenzylamine (3.58 g, 28 mmol) and 
acetonitrile (5 mL) was added dropwise and was stirred at 
-5° C. for one hour and then at room temperature for 18 
25 hours. The reaction became homogenous during this time 
interval. 

The solution was concentrated in vacuo and the residue 
was combined with hot tetrahydrofuran (100 mL) and 
cooled in the freezer for 3 hours resulting in the formation 
of a white precipitate. The mixture was filtered and the 
precipitate was collected, dried in vacuo and identified as 
triethylammonium hydrochloride (3.51 g, mp 253°-257° 
C.). The filtrate was concentrated in vacuo and the resulting 
yellow solid was recrystallized from chloroform/diethyl 
5 ether. 

Yield: 3.22 g (54%). 

mp 120°-121° C. 

X H NMR (DMSO-dfi): 8 1.27 (d,J=7.1 Hz, 3H), 1.90 (s, 
40 3H), 4.23-4.41 (ra, 1H), 4.33 (dj=6.1 Hz, 2H), 7.05-7.37 
(m, 4H), 8.19 (dj=7.1 Hz, 1H), 8.53 (t,J=6.1 Hz, 1H). 

13 C NMR (DMSO-d*): 17.9, 22.4, 41.5, 48.5, 113.3 
(dj=20.4 Hz), 113.5 (d4=21.7 Hz), 122.8, 130.1 (d>7.9 
Hz), 142.4 (dj=7.4 Hz), 162.3 (dJ=243.6 Hz), 169.6, 172.8 
45 ppm. 

IR (KBr): 3280, 1645, 1545, 1450, 745, 680 cm" 1 . 

Mass spectrum, m/e (relative intensity): 238 (18), 151 
(22), 124 (49), 114 (47), 109 (100), 87 (76), 72 (27). 

50 Elemental analysis Calculated 60.48% C; 6.36% H; 
11.76% N. Found 60.55% C; 632% H; 11.71% N. 

EXAMPLE 14 

Preparation of D,L-a-Acetamido-N-benzyl-3- 
55 thiopheneacetamide. 

D,L-a-Acetamido-3-thiopheneacetic add (2.99 g, 15 
mmol) was combined with acetonitrile (60 mL) and the 
mixture was placed into an ice/salt water bath (-5° C.). 
Triethylamine (1.51 g, 2.10 mL, 15 mmol) was added 
60 dropwise, followed by ethyl chloroformate (1.63 g, 1.43 mL, 
15 mmol). All additions were done slowly so that the 
temperature of the mixture did not rise above 0° C. The 
mixture was then stirred at -5° C. (20 min). Benzylamine 
(1.77 g, 1.80 mL, 16.5 mmol) in acetonitrile (10 mL) was 
65 added dropwise and the mixture was stirred at -5° C. (1 h) 
and then room temperature (18 h). The mixture was con- 
centrated in vacuo and the residue was combined with hot 
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tetrahydrofiiran (50 mL) and cooled in the freezer (3 h), 
resulting in the formation of a white precipitate. The mixture 
was filtered and the precipitate was collected, dried in vacuo, 
and identified as triethylammonium hydrochloride ( A H 
NMR analysis). The filtrate was concentrated in vacuo and 
the resulting yellow solid was recrystallized from 1:1 95% 
ethanol/water. 

Yield: 1.91 g (44%). 

mp 198°-199° C. 

X H NMR (DMSO-dg): 8 1.91 (s, 3H), 4.29 (dj=5.2 Hz, 
2H). 5.61 (dJ=7.9 Hz, 1H), 7.15-7.50 (m, 3H), 8.55 (dj= 
7.9 Hz. 1H). 8.74 (U=5.2 Hz, 1H). 

,3 C NMR (DMSO-dg): 22.3, 42.0, 52.5. 122.4, 126.1. 
126.7. 127.0 (3C), 128.2 (2C), 139.0, 139.2, 169.0, 169.8 
ppm. 

JR (KBr): 3460, 1675, 1570, 1400. 720, 695 cnTl. 

Mass spectrum, m/e (relative intensity): 288 (2), 245 (3), 
155 (88), 112 (100), 91 (31), 85 (17), 65 (7). 

Elemental analysis Calculated for C 15 H 16 N 2 0 2 S 62.48% 
C; 5.59% H; 9.71% N. Found 62.41% C; 5.47% H; 9.55% 
N. 

EXAMPLE 15 

Preparation of D,L-a-Acetaraido-N-benzyl-2- 
thiopheneacetamide. 

N-Acetyl-Dl^ethoxyglycine-N-benzylamide (6.26 g, 25 
mmol) was combined with dry ether (175 mL) and then 
boron trifluoride etherate (5.68 g. 5.0 mL, 40 mmol) was 
added dropwise, resulting in a homogeneous solution. After 
stirring a short time, a small amount of a yellow oil separated 
from the solution. Thiophene (8.41 g, 8.0 raL, 100 mmol) 
was then added dropwise via syringe and the reaction was 
stirred at room temperature (4 d). The mixture was cooled in 
an ice bath and cold aqueous saturated NaHC0 3 (200 mL) 
was added and the aqueous layer was extracted with ethyl 
acetate (2x100 mL). The organic washings and the original 
ether layer were combined, dried (Na 2 S0 4 ), and concen- 
trated in vacuo. The residue was purified by flash column 
chromatography, using 94:6 chloroform/methanol as an elu- 
ant (IL=0.7 94:6 chloroform/methanol), and then recrystal- 
lized from benzene. 

Yield: 2.67 g (37%). 

mp 167°- 16° C. 

*H NMR (DSMO-dJ: 8 1.91 (s 3H) 4.31 (d,J=6.0 Hz, 
2H), 5.74 (dj=7.9 Hz, 1H), 6.99-7.44 (m, 8H), 8.64 (dj= 
7.9 Hz, 1H), 8.85 (tJ=6.0 Hz. 1H). 

13 C NMR (DMSO-d*): 22.4, 42.3, 52.2, 125.6, 125.8, 
126.6, 126.9, 127.3 (2C), 128.3 (2C), 139.0, 141.4, 169.2, 
169.3 ppm. 

Mass spectrum, ra/e (relative intensity): 289 (2), 181 (6), 
155 (100), 112 (100), 91 (100), 85 (34), 74 (24). 

Elemental analysis Calculated for C 15 H 16 N 2 0 2 S 62.48% 
C; 5.59% H; 9.71% N. Found 62.64% C; 5.73% H; 9.61% 
N. 

EXAMPLE 16 

Preparation of D,L-a-Acetamido-N-benzyl-2- 
furan acetamide. 

N-Acetyl-DX-2-(2-fuiyl)glycine (0.47 g, 2.56 mmol) was 
combined with acetonitrile (10 mL) and cooled to -5° C. 
(ice/salt water bath). Triethylamine (0.26 g, 0.36 mL, 2.56 
mmol) was then rapidly added and the mixture stirred at -5° 
C. (3 min). Ethyl chloroformate (0.28 g, 0.25 mL, 2.56 


mmol) was added dropwise between -4° C. and -3° C., and 
the resulting suspension was stirred at -4° C. (20 rain), and 
then an acetonitrile solution (2 mL) of benzyiaraine (0.30 g, 
0.31 mL, 2.82 mmol) was carefully added. During the 
5 addition of benzylamine the temperature of the solution did 
not go above 0° C. The mixture was stirred at -5° C. (1 h) 
and at room temperature (18 h), and then concentrated in 
vacuo. The residue was then triturated with hot tetrahydro- 
furan (5 mL), cooled at -16° C. (3 h), and the resulting white 
precipitate was filtered and identified as triethylamine 
hydrochloride (‘H NMR, 60 MHz, 6 1.00 (U=7.5 Hz, CH 3 ), 
2.82 (q,J=7.5 Hz, CH 2 ), 3.83 (s. NH)). The filtrate was 
evaporated to dryness in vacuo and the resulting oil purified 
by flash chromatography (98:2 chloroforra/methanol) to 
give 0.09 g (13%) of the desired product as a white solid: 

15 0.30 (98:2 chloroform/methanol). 

mp 178°“179° C. 

l U NMR (300 MHz, DMSO-d 6 ): 6 1.90 (s, CH 3 ), 4.31 
(dj=6.0 Hz, CH^, 5.58 (d,J=8.1 Hz, CH), 6.27-6.33 (m, 
C 3 'H), 6.40-6.44 (m, C 4 ’H), 7.20-7.36 (m, Ph), 7.60-7.64 
20 (m, C 3 'H), 8.57 (d.J=8.1 Hz, NH). 8.73 (tj=6.0 Hz, NH). 

13 C NMR (300 MHz, DMSO-d 6 ): 22.35 (CH 3 ), 42.27 
(CHj), 50.95 (CH), 107.60 (C 3 '), 110.55 (C 4 '), 126.82 (2C 2 ” 
or 2C 3 "), 127.08 (2C 2 " or2C 3 "), 128.27 (C 4 "), 139.05 (C/), 
142.58 (C 5 ')> 151.16 (C 2 f ), 168.02 (CH 3 CO), 169.30 
25 (NHCO)ppia 

IR (KBr): 3230, 1625 (br), 1525 (br), 1375 (br). 1230, 
1090, 890 cm" 1 . 

Mass spectrum, m/e (relative intensity): 273 (1), 139 
3Q (100), 96 (94), 91 (51), 65 (9). 

Elemental analysis Calculated for C l5 H 16 N 2 0 3 66.16% 
C; 5.83% H; 10.29% N. Found 65.92% C; 5.83% H; 10.15% 
N. 

EXAMPLE 17 

35 Preparation of D,L-a-Acetamido-N-benzyl-2- 
pyiroleacetamide. 

2-Acetaraido-^-benzyl-2-ethoxyacetamide (2.00 g, 8.0 
mmol) was suspended in anhydrous ethyl ether (60 raL), and 
^ then boron trifluoride etherate (1.82 g, 1.57 mL. 12.8 mmol) 
was added in one portion and the resulting solution was 
stirred (15 rain). The pyrrole (2.14 g, 2.22 mL, 32 mmol) 
was then added in one portion and the solution was stirred 
at room temperature (48 h) during which time a precipitate 
45 formed. Hexanes (80 mL) were then added to the 
suspension, and the mixture was filtered and the brown 
semi-solid was triturated with 95:5 chloroform/methanol (30 
mL) to furnish a green solid. This material was purified by 
flash chromatography (95:5 chloroform/methanol) to yield 
50 0.94 g (35%) of the desired product as a white solid: R^ 0.29 
(96:4 chloroform/methanol). 

mp 174°-175° C. 

'H NMR (300 MHz, CD 3 CN): 8 1.93 (s. CH 3 ). 4.35 
(dj=6.0 Hz, CHJ. 5.42 (d,J=6.9 Hz. CH). 6.00-6.18 (m, 
55 Cs'H, C 4 ’H), 6.68-6.72 (m C 5 'H). 7.04 (dj=6.9 Hz. NH), 
7.1.7 (t,J=6.0 Hz, NH), 7.10-7.47 (m. Ph), 9.10-9.80 (br s, 
NH). 

13 C NMR (300 MHz, CD 3 CN): 23.02 (CH 3 ), 43.83 
(CHj), 52.65 (CH), 107.57 (C 3 '), 108.85 (C 4 '). 119.33 (C 5 ’), 
60 127.96 (C 2 ’). 128.01 (2C S " or 2C 3 "). 128.09 (2C 2 " or 2C 3 ”), 
129.49 (C 4 "), 140.01 (Cj"), 170.94 (COCH 3 ), 171.21 
(CONH) ppm. 

IR (KBr): 3320, 1570 (br), 1470 (br), 1330, 1230, 950, 
890, 860, 760. 710, 690, 655 cm”*. 

65 Mass spectrum m/e (relative intensity): 171 ( 12). 228 (2), 
213 (1), 180 (2), 164 (9), 137 (93), 108 (20). 95 (100), 91 
(38), 82 (35), 68 (15). 
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High resolution mass spectral analysis Calculated for 
C 15 H 17 N 3 0 2 271.13208. Found 271.13144. 

EXAMPLE 18 

Preparation of D,L-2-Acetamido-N-benzyl-2- 
ethoxyacetaraide. 

An ethanolic solution (420 mL) of ethyl 2-acetamido-2- 
ethoxyacetate (27.92 g, 147 mmol) and benzylamine (23.70 
g, 24 mL, 221 mmol) was stirred at 40°-45° C. for 3 days. 
The reaction mixture was evaporated in vacuo and the 
residue recrystallized (1:3.5 tetrahydrofuran/hexanes (650 
mL)) to yield 25.80 g (70%) of the desired product as beige 
crystals: 0.59 (95:5 chloroform/methanol). 

mp 153°-155° C. 

A H NMR (300 MHz, CDC1 3 ): 8 1.20 (tj=7.0 Hz, CH 3 ), 
2.07 (s, CH 3 ), 3.60-3.76 (m CH 2 CH 3 ), 4.40-4.54 (m, 
CHjNH), 5.60 (dj=8.7 Hz, CH), 6.63 (dj=8.7 Hz, NH), 
7.00 (br s, NH), 7.26-7.36 (m, Ph). 

13 C NMR (300 MHz, CDC1 3 ): 15.06 (CHaCHj), 23.25 
(CH 3 CO), 43.60 (CH 2 NH), 64.51 (CH 2 CH 3 ), 77.43 (CH), 
127.69 (2C 2 " or 2C 3 ", C 4 ”), 128.79 (2C 2 " or 2C 3 H ), 137.57 
(CD, 168.13 (COCH 3 ), 171.29 (CONH) ppm. 

IR (KBr): 3260, 1630 (br), 1550 (sh), 1505 (br), 1380, 
1360, 1230, 1115, 1060, 1015, 890, 745, 690 cm' 1 . 

Mass spectrum, m/e (relative intensity): 251 (4), 163 (9), 
116 (98), 106 (34), 91 (98), 74 (100). 

Elemental analysis Calculated for C 13 H 18 N 2 0 3 62.38% 
C; 7.25% H; 11.19% N. Found 62.49% C; 7.27% H; 11.24% 
N. 
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boron trifluoride etherate (1.82 g, 12.8 mmol) was rapidly 
added, and the resulting solution was stirred for 15 min. The 
2-methylfuran (2.63 g, 32.0 mmol) was then added and the 
reaction was stirred at room temperature (3 d). The reaction 
mixture was poured into an aqueous saturated NaHC0 3 
solution and extracted with ethyl acetate (3x). The ethyl 
acetate extracts were combined, dried (Na^O^ and evapo- 
rated in vacuo to give a beige solid, which was purified by 
flash chromatography (98:2 chloroform/methanol) to give 
the desired product as a white crystalline solid. 

Yield: 1.40 g (61%) 

Rjr0.25 (98:2 chlorofomi/methanol). 

rap 148°-150° C. 

A H NMR (DMSO-d 6 ) 6 1.88 (s, CH 3 CO), 2.23 (s, CH 3 ), 
4.24-4.36 (m, CH 2 ), 5.49 (d, J=8.0 Hz, CH), 6.01 (br s, 
C 3 ,H), 6.14 (d, J=2.4 Hz, C 4 .H), 7.20-731 (m, Ph), 8.52 (d, 
J=8.0 Hz, NH), 8.69 (t, J=5.6 Hz, NH). 

13 C NMR (DMSO-d 6 ) 13.44 (CH 3 ), 22.35 (CH 3 CO), 
44.11 (CH 2 ), 53.23 (CH), 107.51 (C 3 . or C 4 .), 110.40 (C 3 . or 
C 4 .). 128.13 (C 4 0, 128.18 (2C 2 - or 2C 3 .), 129.43 (2C 2 - or 
2C 3 «), 139.69 (C r )« 149.18 (C 2 . or C 5 .), 153.81 (C 2 . or C 5 .), 
170.78 (CH 3 CO), 173.03 (CONH) ppm 
IR (KBr) 3270, 1620 (br), 1520 (br), 1440, 1360, 1210, 1010 
cm” 1 . 

Mass spectrum, m/e (relative intensity) 286 (3), 179(8), 
153 (57), 152 (57), 111 (23), 110 (100), 97 (23), 91 (31). 

Elemental Analysis Calculated: 67.12% C; 6.34% H; 
9.78% N. Found: 66.92% C; 6.52% H; 9.52% N. 

EXAMPLE 21 


EXAMPLE 19 

Preparation of D,L-2-Acetamido-N-benzyl-2- 
methoxyacetamide. 

To a methanolic solution (180 raL) of methyl 
2-acetamido-2-methoxyacetate (8.73 g, 54 mmol) was rap- 
idly added benzylamine (8.68 g, 8.80 mL, 81 mmol) and 
then the mixture was stirred at 50° C. (3 days) during which 
time a beige precipitate appeared. The solvent was removed 
in vacuo and the resulting precipitate was recrystallized 
from tetrahydrofuran (2x) to give 7.67 g (32%) of the 
desired product as beige crystals: 0.35 (95:5 chloroform/ 

methanol). 

mp 145°-146° C. 

a H NMR (300 MHz, CDC1 3 ): 8 2.06 (s, CH 3 CO), 3.37 (s, 
CH 3 0), 4.40-435 (m, CH 2 ), 5.52 (d,J=8.7 Hz, CH), 7.12 
(dj=8.7 Hz, NH), 7.20-7.40 (m, Ph, NH). 

13 C NMR (300 MHz, CDC1 3 ): 23.03 (CH 3 CO), 43.51 
(CH 2 ), 55.84 (CH 3 0), 78.94 (CH), 127.62 (C 4 "), 127.70 
(2C 2 " or 2C 3 ”), 128.70 (2C 2 " or2C 3 "), 137.45 (CD, 166.91 
(COCH 3 ), 171.57 (CONH) ppm. 

IR (KBr): 1260, 1825 (br), 1550, 1505, 1435, 1390, 1370, 
1230, 1120, 1050, 935, 890, 690 cm” 1 . 

Mass spectrum, m/e (relative intensity): 237 (1), 205 (2), 
177 (2). 163 (4), 146 (1), 134 (1) 121 (2), 106 (26), 102 (98), 
91 (95), 77 (13), 61 (100). 

Elemental analysis Calculated for C 12 H 16 N 2 0 3 61.00%. 
C; 6.83% H; 11.86% N. 60.91% C; 6.85% H; 11.66% N. 

EXAMPLE 20 

Preparation of (D,L)-a-Acetamido-N~benzyl-2-(5- 
methylfuran)acetamide. 

N-Acetyl-Di-ethoxyglycine-N-benzylamide (2.00 g, 8.0 
mmol) was suspended in anhydrous ethyl ether, and then 


Preparation of (D,L)-a-Acetamido-N-benzyl-2- 
benzofuranacetamide. 

N-Acetyl-D,L-ethoxyglycine-N-benzylamide (1.00 g, 4 
mmol) was suspended in anhydrous ethyl ether (30 mL) and 
then boron trifluoride etherate (0.91 g, 63 mmol) was rapidly 
added, and the resulting solution was stirred for 15 min. The 
benzofuran (1.89 g, 16 mmol) was then added and the 
reaction was stirred at room temperature (3 d). The reaction 
mixture was poured into an ice-cold saturated aqueous 
solution of NaHC0 3 , and then the mixture was maintained 
at this temperature for an additional 15 rain. The mixture 
was extracted with ethyl acetate (2x), and the organic layers 
were combined, dried (Na 2 S0 4 ) and evaporated in vacuo. 
The residue was purified by flash chromatography (100% 
chloroform, then 99:1 chloroform/methanol) to yield the 
desired product. 

Yield: 0.43 g (33%). 

Rf 030 (98:2 chloroform/methanol). 

mp 195°-196° C.; 

2 H NMR (DMSO-d 6 ) 8 1.94 (s, CH 3 CO), 4.34 (d, J=5.7 
Hz, CH 2 ), 5.77 (d, J=8.1 Hz, CH), 7.24-7.32 (m, C3.H, C S H, 
C 6 .H, Ph), 7.54 (d, J=7.0 Hz, C 4 .H or C^H), 7.62 (d, J=7.0 
Hz, C 4 .H or CjH), 8.74 (d, J=8.1 Hz, NH), 8.86 (t, J=5.7 Hz, 
NH). 

13 C NMR (DMSO-d 6 ) 22.27 (CH 3 CO), 42.30 (CH 2 ), 
51.22 (CH), 10434 (C 3 .), 110.90 (Cr), 121.05 (C 4 ,), 122.90 
(C 5 .), 124.28 (C 6 .), 126.73 (C 3>a ), 127.01 (2C 2 . or 2CD, 
127.69 (2C 2 - or 2C 3 ..), 128.14 (C 4 »), 138.87 (C r ), 154.10 
(C,.*), 154.30 (C 2 .), 167.40 (CH 3 CO), 169.26 (CONH) ppm. 

IR (KBr) 3230, 1625 (br), 1520 (br), 1440, 1090, 1085, 
890, 785, 690 cm” 1 ; 

Mass spectrum, m/e (relative intensity) 322 (5), 279 (1), 
264 (1), 234 (1), 215 (5), 189 (45), 146 (100), 130 (11), 118 
(7), 91 (87), 65 (16). 
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High resolution mass spectrum, Calcd for C 19 H 18 N 2 0 3 
322.1317. Found 322.1318. 

EXAMPLE 22 

Preparation of (DJL)-a-Acetamido-N-benzyl-2-benzo[b] 
thiopheneacetamide. 

N-Acetyl-Di-ethoxyglycine-N-benzylamide (1.00 g, 4 
mmol) was suspended in anhydrous ethyl ether (15 mL) and 
then boron trifluoride etherate (0.91 g, 6.3 mmol) was 
rapidly added, and the resulting solution was stirred for 15 
min. The benzo[b]thiophene (2.14 g, 16 mmol) was then 
added and the reaction was stirred at room temperature (3 d). 
The solution was poured into an ice-cold saturated aqueous 
solution of NaHC0 3 , and then stirred for 15 min at 0° C. The 
mixture was extracted with ethyl acetate (2x), and the 
organic layers were combined, dried (Na 2 S0 4 ) and evapo- 
rated in vacuo to give an orange oil. The oil was triturated 
with ethyl ether to yield a crystalline product which was 
filtered and further purified by flash chromatography (99:1 
cbloroforra/raethanol) to give the desired product. 

Yield: 0.06 g (4%). 

Rjr 0.32 (99:1 chloroform/methanol). 

rap 226°-227° C. 

A H NMR (DMSO-d*) 8 1.94 (s, CH 3 CO), 4.34 (d, J=5.7 
Hz, CH 2 ), 5.86 (d. J=8.1 Hz, CH), 7.20-7.38 (m, C 3 ,H, C 6 .H, 
Cy.Hi Ph), 7.77-7.80 (m, C 4 .H or C 5 .H), 7.89-7.93 (ra, C 4 ,H 
or C 5 .H), 8.76 (d, J=8.1 Hz, NH), 8.97 (t, J=5.7 Hz, NH). 

13 C NMR (DMSO-d*) 22.34 (CH 3 CO), 42.38 (CH 2 ), 
52.70 (CH), 122.15 (C 4 . or C,.), 122.32 (C 4 , or C,,), 123.45 
(C 3 .). 124.37 (C y or C 6 .). 124.41 (C s . or C 6 .), 126.89 (C 4 ~), 
127.27 (2C r . or 2C 3 .), 128.27 (2C r . or 2C 3 ..). 138.84 (C 3 . a 
or C Ta ), 138.95 (C 3 . a or C 7 . a ), 142.58 (C r ). 168.65 
(CH 3 CO), 169.12 (CONH) ppm [A distinct signal for the 
C 2 . carbon was not detected and is presumed to coincide 
with the C v carbon at 142.58 ppm.]. 

1R (KBr) 3240, 1610 (br), 1510 (br), 1420, 1360, 1215, 
1085, 885, 730, 710, 685 cm" 1 . 

Mass spectrum, ra/e (relative intensity) 338 (8), 295 (2), 
205 (76), 162 (100). 135 (22), 108 (12), 91 (59). 

Elemental Analysis: Calculated: 67.43% C; 5.36% H; 
8.28% N. Found: 67.21% C; 5.37 % H; 8.12% N. 

EXAMPLE 23 

Preparation of (D,L)-ot-Acetaraido-N-benzyl-3- 
indoleacetamide. 

N-Acetyl-D,L-ethoxyglycine-N-benzylamide (0.69 g, 
2.78 mmol) was suspended in anhydrous ethyl ether (20 mL) 
and then boron trifluoride etherate (0.63 g, 4.40 mmol) was 
rapidly added, and the resulting solution was stirred for 15 
min. The indole (1.30 g, 11.00 mmol) was then added and 
the reaction was stirred at room temperature (22 h). Petro- 
leum ether (35°-60° C.) was added to the reaction, and the 
resulting semisolid material filtered, and washed with petro- 
leum ether (35°-60° G). Purification of the reaction mixture 
was accomplished by flash chromatography (98:2 
chloroforra/methanoi) to produce the title compound as a 
white solid. 

Yield: 0.25 g (18%). 

Rf 0.14 (95:5 chloroforra/methanoi) 

mp 213°-214° C. 

l H NMR (DMSO-dg) 6 1.90 (s, CH 3 CO), 4.36 (d, J=6.0 
Hz, CH 2 ), 5.72 (d, J=7.2 Hz, CH), 6.90-7.37 (m, Ph, C 2 .H), 
7.02 (dd, J=7.5 Hz, J=7.5 Hz, C 5 .H or C 6 H), 7.12 (dd, J=7.5 
Hz, J=7.5 Hz. C 5 .H or C*H), 7.39 (d, J=7.5 Hz, C 4 ,H or 
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CrH), 7.65 (d. J=7.5 Hz. C 4 H or Q.H). 7.86 (d, J=7.2 Hz, 
NHCH), 8.13 (t, J=6.0 Hz, NHCHj), 10.30-10.80 (br s, 
NH). 

l3 C NMR (DMSO-d 6 ) 22.32 (CH 3 CO). 42.23 (CH 2 ), 
5 49.98 (CH). 111.51 (Cr), 112.08 (C 3 .), 118.76 (C 4 . or C 6 .), 
119.24 (C 4 . or C 6 .). 121.37 (C 5 .), 123.94 (C 2 .). 126.58 (C 3 . a ), 
126.71 (C 4 ..). 127.33 (2C 2 - or 2C 3 ..), 128.18 (2C 2 . or 2C 3 ~), 
136.28 (C 7 . a ), 139.44 (C r ), 169.13 (CH 3 C0), 170.81 
(CONH) ppm 

10 IR (KBr) 3260, 1610 (br). 1515 (br). 1450, 1420, 1370, 
1350, 1235, 1095, 895. 735, 715, 695, 600 cm" 1 . 

Mass spectrum, m/e (relative intensity 321 (5), 278 (1), 
264 (1). 233 (1), 214 (6), 187 (85), 171 (3), 145 (100), 118 
15 (18), 91 (39). 

Elemental Analysis: Calculated: 71.01% C; 5.96% H; 
13.06% N. Found: 70.87% C; 6.15% H; 12.78% N. 

EXAMPLE 24 

20 Preparation of (D,L)-a-Acetamido-N-benzyl-2-(5- 
methylpyirole)acetamide. 

N-Acetyl-D,L-ethoxyglyrine-N-benzylaraide (2.00 g, 8 
mmol) was suspended in anhydrous ethyl ether (175 mL), 
25 and then boron trifluoride etherate (1.38 g, 9.7 mmol) was 
added and the resulting solution stirred (15 min). The 
2-methylpyrrole (0.85 g, 10 mmol) was then added and the 
reaction mixture was stined under N 2 (6 d), during which 
time the color of the reaction mixture turned reddish brown 
3Q and a dark-brown deposit formed at the bottom of the flask. 
The clear solution was decanted and treated with an aqueous 
saturated NaHC0 3 solution containing ice (100 mL) for 30 
min. The aqueous reaction mixture was extracted with ethyl 
acetate (3x30 mL). The combined extracts were dried 
35 (Na 2 S0 4 ) and the solvent removed in vacuo. The brown oily 
residue was purified by flash column chromatography using 
98:2 chloroform/methanol as the eluent to yield the desired 
compound. The product was recrystallized from ethyl 
acetate/hexane to give a light yellow amorphous solid. 

40 Yield 0.20 g (94%) 

Rf 0.44 (95:5, chloroform/methanol). 

mp 167°-168° C. 

*H NMR (DMSO-dg) 5 1.87 (s. CH 3 ), 2.13 (s, COCH 3 ), 
4.27 (br s. CH 2 ). 5.33 (d. J=7.4 Hz. CH). 5.60 (s, C 4 H), 5.77 
45 (s, C 3 H), 7.19-7.30 (ra, 5 PhH), 8.22 (d, J=7.4 Hz, NH), 8.45 
(t, J=5.5 Hz. NH), 10.38 (s. NH). 

13 C NMR (DMSO-dg) 12.74 (CH 3 ), 22.49 (COCH 3 ), 
42.11 (CHj). 51.21 (CH), 105.09 (C 4 ). 106.07 (C 3 ), 126.16 
(C 5 ), 126.64 (C 4 .), 126.85 (Cj). 127.09 (2C 2 . or 2C 3 .), 128.17 
so (2C 2 . or 2C 3 ), 139.33 (C,'), 168.88 (COCH 3 ), 169.79 
(CONH) ppm. 

IR (KBr) 3250, 1630, 1520, 1420, 1360, 1300, 1260, 
1230, 1160, 1110, 1020 cm” 1 . 

55 Mass spectrum, ra/e (relative intensity) 285 (M*, 10), 178 
(20), 152 (24), 151 (100), 110 (12), 109 (93), 108 (22), 107 
(25), 94 (16), 91 (43). 

Elemental Analysis: Calculated: 67.35% C; 6.71% H; 
14.73% N. Found: 67.57% C; 6.90% H; 14.52% N. 

60 Synthesis of Unsubstituted and Substituted-a-Acetamido- 
N-benzyl-2-furanacetamides. 

General Procedure. 

4-Methylmorpholine (1 equiv) was added to a solution of 
a-acetamido-2-furanacetic acid (1 equiv) in dry tetrahydro- 
65 furan (75 mL/10 mmol) at -10° to -15° C. under N 2 . After 
stirring (2 rain), isobutyl chloroformate (1 equiv) was added 
leading to the precipitation of a white solid. The reaction was 
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allowed to proceed for 2 additional minutes and then a 
solution of the substituted benzylamine (1 equiv) in tetrahy- 
drofuran (10 raUlO mmol) was added over 5 min at -10° to 
-15° C. The reaction mixture was allowed to stir at room 
temperature for 5 rain and then the 4-methylraorpholine 
hydrochloride salt filtered. The organic layer was concen- 
trated in vacuo, and the residue was triturated with ethyl 
acetate, and the remaining white solid filtered. Concentra- 
tion of the ethyl acetate layer led to additional amounts of 
the white solid. The desired product was purified by either 
recrystallization, or flash chromatography of the combined 
solid material. Examples 25-32 were prepared according to 
this procedure. 

EXAMPLE 25 

(DX-a-Acetamido-N-benzyl-2-furanacetamide. 

Using benzyl amine (021 g, 2.56 mmol) and racemic 
a-acetamido-2-furanacetic arid (0.47 g, 2.56 mmol) gave 
the desired compound. The product was recrystallized from 
ethyl acetate to give a white solid. 

Yield: 0.46 g (65%) 

Rf 0.30 (98:2 chloroform/methanol). 

mp 177°-178° C 

‘H NMR (DMSO-d 6 ) 6 1.90 (s, CH 3 ). 431 (d, J=6.0 Hz, 
CHj), 5.58 (d. J=8.1 Hz. CH). 6.27-6.33 (m. CjH), 
6.40-6.44 (m C 4 H). 7.20-7.36 (m 5 PhH). 7.60-7.64 (m 
C S H). 8.57 (d, J=8.1 Hz. NH), 8.73 (t, J=6.0 Hz. NH). 

EXAMPLE 26 

(DX)-a-Acetamido-N-(2-fluorobenzyl)-2-furanacetaraide. 

Using 2-fluorobenzylamine (1.13 g, 9.0 mmol) and race- 
mic a-acetamido-2-furanacetic acid (1.50 g, 8.2 mmol) gave 
the desired product. 

Yield: 120 g (50%). 

Rf 0.36 (94:4 chloroform/methanol). 

mp 193°-195° C. (recrystallized from EtOAc). 

NMR (DMSO-d*) 8 1.89 (s, COCH 3 ), 4.33 (d, J=5.5 
Hz, CHj), 5.58 (d, J=80 Hz, CH), 6.28 (s, C 4 H), 6.29 (s, 
C 3 H), 7.62 (s, C 5 H), 7.13-735 (m, 4ArH), 8.61 (d, J=80 Hz, 
NH), 8.76 (t, J=5.5 Hz, NH). 

13 C NMR (DMSO-dg) 22.35 (COCH 3 ), 36.12 (d, J Cf =6.6 
Hz, CHj), 50.88 (CH), 107.64 (C 4 ), 110.43 (C 3 ), 115.04 (d, 
J c/ r=21.4 Hz, C 3 ,), 124.29 (d, J CF =42 Hz, C 5 .), 125.64 (d, 
J Cf =15.0 Hz, C r ), 128.94 (d, J c ^9.0 Hz, C 4 . or C 6 ,), 129.27 
(d, J c ^=5.5 Hz, C 4 . or C 3 .), 142.66 (C 5 ), 151.07 (C*). 159.99 
(d, J cf = 244.4 Hz, C r ), 168.17 (COCH 3 ), 169.24 (CONH) 
ppm. 

IR (KBr) 3270, 1630, 1520, 1440, 1360, 1220, 1180, 
1140, 1100, 1000, 740 cm” 1 . 

Mass spectrum, m/e (relative intensity) 291 (M*+l, 3), 
274 (2), 247(3), 165 (4), 145 (10), 139 (98). 138 (46), 126 
(7), 110 (10), 109 (65), 97 (93), 96 (100). 

Elemental Analysis: Calculated: 62.02% C; 5.21% H; 
9.65% N. Found: 62.20% C; 5.19% H; 9.69% N. 

EXAMPLE 27 

(DX)-a-Acetamido-N-(3-fluorobenzyl)-2-furanacetamide. 

Making use of 3-fluorobenzylamine (1.13 g, 9.0 mmol) 
and racemic a-acetamido-2-furanacetic arid (1.50 g, 8.2 
mmol) gave the desired product. 

Yield 1.90 g (80%). 

Rf 0.30 (96:4 chlorofoim/methanol). 

mp 163°-165° C. (recrystallized from ethyl acetate). 
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*H NMR (DMSO-d 6 ) 8 1.89 (s, C0CH 3 ), 431 (d, J=5.5 
Hz. CH 2 ), 5.55 (d, J=7.8 Hz, CH. 631 (s, C 4 H). 6.42 (s, 
C 3 H). 6.98-7.37 (m, 4 ArH), 7.62 (s, C S H), 8.61 (d, J=7.8 
Hz. NH), 8.70 (t. J=5.5 Hz, NH). 

5 13 C NMR (DMSO-d s ) 2235 (COCH 3 ), 41.71 (CHj), 

51.01 (CH), 107.73 (C 4 ), 110.59 (C 3 ), 113.50 (d, J Cf =2l.6 
Hz. Cj. or C 4 .). 113.60 (d, J Cf =22.3 Hz, C 2 . or C 4 .), 122.95 
(br. C 6 .), 130.18 (d, J Cf =8.6 Hz, Cj.). 142.21 (d, J cf =7.5 Hz, 
C r ), 142.66 (C s ), 151.03 (Cj), 162.28 (d, J Cf =243.3 Hz, 
1° Cs.), 168.23 (COCH 3 ), 169.31 (CONH) ppm. 

IR (KBr) 3230, 1630, 1540, 1440. 1360, 1220, 1140, 
1000, 730 cm" 1 . 

Mass spectrum, m/e (relative intensity) 290 (M\71), 231 
1S (7), 165 (18). 140 (23), 130 (100), 126 (16), 109 (6). 97 
(118). 96 (100). 96 (30). 

Elemental analysis: Calculated: 62.02% C; 5.21% H, 9.65% 
N. Found: 61.97% C; 5.35% H; 9.53% N. 

EXAMPLE 28 

20 

(DX)-a-Acetamido-N-(4-fluorobenzyl)-2-furanacetamide. 

Using racemic a-acetamido-2-furanacetic acid (1.50 g, 
8.2 mmol) and4-fluorobenzylamine (1.13 g, 9.0 mmol) gave 
the desired product 

25 Yield 2.10 g (88%). 

Rf 0.30 (96:4 chloroform/methanol). 

mp 188°-190° C. (recxystallized from ethyl acetate). 

l H NMR (DMSO-ds) 8 1.88 (s, C0CH 3 ), 4.27 (d, J=5.5 
30 Hz, CH 2 ). 5.55 (d, J=8.0 Hz, CH). 6.27 (s, 1H), 6.41 (s, 1H), 
7.09-7.15 (m. 2ArH), 7.12-7.27 (m 2 ArH), 7.61 (s, 1H), 
8.58 (d, J=8.0 Hz, NH), 8.75 (t, J=5.5 Hz, NH). 

13 C NMR (DMSO-d 6 ) 22.28 (COCH 3 ), 41.51 (CH 2 ), 
50.87 (CH), 107.52 (C 4 ), 110.46 (C 3 ), 114.90 (d, J Cf =2U 
35 Hz, C,.). 129.48 (d, J c ^=8.3 Hz. C 2 .), 135.23 (d, J CF =3.2 Hz, 
C,.), 142.53 (C s ), 151.08 (Cj), 161.12 (d, J c ^242.2 Hz, 
C 4 .), 167.95 (COCH 3 ), 169.13 (CONH) ppm. 

IR (KBr) 3230, 1620, 1500, 1360, 1320, 1260, 1210, 
1140, 1000, 820, 780, 730 cm- 1 . 

40 

Mass spectrum, m/e (relative intensity) 291 (M + l, 4), 165 
(4), 140 (9). 139 (92), 138 (52), 124 (6), 109 (71), 97 (60),' 
96 (100). 

Elemental Analysis: Calculated: 62.02% C; 5.21% H; 
45 9.65% N. Found: 61.76% C; 5.41% H; 9.43% N. 

EXAMPLE 29 

(D,L)-a-Acetamido-N-(2,5-difluorobenzyl)-2- 

furanacetamide. 

50 Using 2,5-difluorobenzylamine (1.30 g, 9.0 mmol) and 
racemic a-acetamido-2-furanacetdc acid (1.50 g, 8.2 mmol) 
gave the desired product. 

Yield 1.60 g (64%). 

55 R^O.38 (96:4 chloroform/methanol). 

mp 177°-178° C. (recrystallized from ethyl acetate). 

‘H NMR (DMSO-ds) 8 1.89 (s, COCH 3 ). 4.31 (d, J=5.5 
Hz. CH 2 ), 5.55 (d. J=7.7 Hz, CH), 6.32 (s, C 4 H), 6.43 (s, 
CH 3 H), 7.22-7.25 (m, 3 ArH), 7.62 (s, C S H). 8.62 Hz, NH), 
60 8.78 (t, J=5.5 H. NH). 

13 C NMR (DMSO-ds) 22.30 (COCH 3 ), 35.98 (d, J CF =5.8 
Hz, CHj), 51.02 (CH), 107.81 (C 4 ), 110.58 (C 3 ), 115.06 (dd, 
J ( 777 — 19 . 5 , 25.6 Hz, Cs. or C 6 .), 115.16 (dd, J c ,=15.6, 24.7 
Hz, C 3 . or C 6 .), 116.52 (dd, J cf =10.1, 23.9 Hz, C 4 .), 127.98 
65 (dd, J cf = 9.2. 17.7 Hz, C r ), 142.69 (C s ), 150.78 (Cj), 155.89 
(d. J cf =239.0 Hz, C 2 . or C s .), 158.18 (d, J cf =238.8 Hz, C 2 . 
or C 5 .), 168.38 (COCH 3 ), 16935 (CONH) ppm 
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IR (KBr) 3230, 1620, 1520, 1480, 1360, 1260, 1230, 
1180, 1140, 1000. 860, 810, 730, 710 cnT 1 . 

Mass spectrum, ra/e (relative intensity) 309 (M*+l, 1), 
266 (1), 222(1), 165 (5), 140 (5), 139 (61), 138 (36), 127 
(37), 97 (44). 96 (100). 

Elemental Analysis: Calculated: 58.44% C; 4.58% H; 
9.09% N. Found: 58.68% C; 4.69% H; 8.87% N. 

EXAMPLE 30 

(D,L)-a-Acetamido-N-(2,6-difluorobenzyl)-2- 

furanacetamide. 

Making use of 2,6-difluorobenzylamine (1.30 g, 9.0 
mmol) and racemic a-acetamido-2-friranacetic add (1.50 g, 
8.2 mmol) the desired product was form 
Yield 1.90 g (73%). 

nip 237°-239° C. (recrystallized from ethanol). 

*H NMR (DMSO-d 6 ) 8 1.86 (COCH 3 ), 4.33 (d, J=4.5 Hz. 
CHj). 5.53 (d. J=8.3 Hz. CH. 6.17 (s. C 4 H). 6.38 (s. C 3 H). 
7.05-7.10 (m. 2 ArH. 7.36-7.41 (m. 1 ArH. 7.60 (s. C S H), 
8.52 (d. J=8.3 Hz. NH), 8.66 (t, J=4.5 Hz. NH). 

13 C NMR (DMSO-d 6 ) 8 22.33 (C0CH 3 ). 30.74 (t, J CF = 
4.4 Hz, CHj). 50.48 (CH). 107.24 (C 4 ), 110.40 (C 3 ). 111.61 
(dd. J c/r =8.0.25.1 Hz. C 3 .. C s .). 113.67 (t. J Cf =19.5 Hz, C r ), 
129.98 (t, J c/r =10.5 Hz, C 4 ). 142.50 (C 5 ), 151.23 (C 2 ), 
160.93 (d. J CF =248.1, C 2 . or C 6 .). 161.10 (d. J cf =248.1 Hz, 
C 2 . or C 6 .), 167.59 (C0CH 3 ), 169.00 (CONH) ppm. 

IR (KBr) 3230, 1620. 1530. 1460, 1360, 1320. 1260. 
1220. 1160. 1140, 1030, 1000. 820,780,750,740,710 cm- 1 . 

Mass spectrum, m/e (relative intensity) 309 (M*+l, 4), 
265 (2), 165 (4), 147 (7), 140 (8), 139 (87), 138 (36), 127 
(54). 97 (58), 96 (100). 

Elemental Analysis: Calculated: 58.44% C; 4.58% H; 
9.09% N. Found: 58.62% C; 4.74H; 8.89% N. 

EXAMPLE 31 

(D)-(-)cc-Acetamido-N-benzyl-2-furanacetaraide 
Starting with D-a-acetamido-2-furanacetic add (2.45 g, 
13.38 mmol) and benzylamine (1.43 g, 13.38 mmol), the 
desired product was obtained. 

Yield: 2.54 g (70%) The product was further recrystal- 
lized from ethyl acetate to give the title compound 
Yield: 2.30 g 
mp 196°-197° C. 

[ a ] 26 z>ic=i. MeOHr~7%' 3°- Addition of R(-)-mandelic acid 
to a CDC1 3 solution of the product gave only one signal for 
the acetamide methyl protons. 

Mass spectrum, ra/e (relative intensity) 272 (M"\ 2), 184 
(2). 165 (2), 140 (8), 139 (88), 138 (34), 97 (46), 96 (100), 
91 (63). 

Elemental Analysis: Calculated: 66.16% C; 5.92% H; 
10.29% Found: 66.09% C; 6.01% H; 10.38% N. 

EXAMPLE 32 

(L)-(+)-a-Acetamido-N-benzyl-2-furanacetamide. 

Using L-a-acetamido-2-furanacetic acid (2.83 g, 15.46 
mmol) and benzylamine (1.65 g, 15.46 mmol) gave 3.80 g 
of the enriched desired product. NMR analysis with 
R(-)-mandelic acid showed that it was greater than 80% 
enriched in the title compound. The pure I^enantiomer was 
obtained by recrystallization from absolute ethanol. 

Yield: 1.60 g. 
mp 196°-197° C. 
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[ a ] 26 Z)[c=l. MeOHT^^.Q 0 . 

Mass spectrum, ra/e (relative intensity) 273 (Mf+l, 3), 
229 (2), 214 (2), 184 (1), 165 (7), 157 (4), 140 (33), 139 
(100), 138 (95), 97(98), 96 (100), 91 (98). 

5 Elemental Analysis: Calculated: 66.16% C; 5.92% H; 
10.29% N. Found: 65.89% C; 5.86% H; 10.42% N. 

EXAMPLE 33 

10 Resolution of (DJL)-a-Acetaraido-2-furanacetic acid Using 
(R)-(+)-a-Methylbenzylamine and ( S )-(-)- a- 
Methylbenzylamine. 

(RM+)-a-Methylbenzylamine (13.22 g, 0.11 mol) was 
added to an absolute ethanol solution (550 mL) of racemic 
15 a-acetamido-2-furanacetic acid (20.00 g. 0.11 mol). The 
resulting solution was cooled in the freezer overnight The 
white precipitate (12.00 g) which separated upon cooling 
was filtered, and the mother liquid evaporated to give a salt 
which was later used for obtaining L-a-acetaraido-2- 
20 furanacetic acid. The initial salt was recrystallized (3x) from 
absolute ethanol to yield 4.00 g of the pure diasteroraeric 
salt. 

mp 173°-175° C. 

25 [a] 26 D[c=l, MeOH]=-108°. 

Elemental Analysis Calculated: 63.14% C; 6.62% H; 
9.21% N. Found: 63.19% C; 6.62% H; 9.12% N. 

The purified salt was treated with 5% aqueous NH 4 0H 
solution, extracted with ethyl ether (3x50 mL), and then 
30 acidified with a 8.5% aqueous solution of H 3 P0 4 and then 
extracted with ethyl acetate (3x100 mL) to yield 2.45 g 
(25%) of D-a-acetamido-2-furanacetic acid. 

rap 69°-171° C. 

[<x] 26 D[c=l, MeOH]— 184.2°. 

35 Elemental Analysis: Calculated: 52.46% C; 4.95% H; 
7.65% N. Found: 52.17% C; 4.89% H; 7.56% N. 

The salt obtained after evaporation of the main mother 
liquor was hydrolysed with 5% aqueous NH 4 OH solution to 
^ give 10.10 g of the enriched L-a-acetamido-2-furanacetic 
acid [[ct] 26 D[c=l, MeOH]=+47.7 0 ]. (S)-(-)- 
methylbenzylamine (6.70 g, 0.055 mol) was added to a 
solution of enriched L-a-acetaraido-2-furan acetic acid 
(10.10 g, 0.055 mol) in absolute ethanol (275 mL). The 
45 white precipitate of the diasteroemeric salt (8.10 g) that 
separated upon cooling the solution in the freezer (1 h) was 
filtered. The salt was recxystallized from absolute ethanol 
(3x) to yield 3.00 g of the salt. 

rap 172M74 0 C. 

50 [a] 26 D[c=l, MeOH]=+106°. 

Elemental Analysis: Calculated: 63.14% C; 6.62% H; 
9.21% N. Found: 63.18% C; 6.47% H; 9.00% N. 

The salt from the third recrystallization was treated with 
a 5% aqueous NH 4 0H solution and extracted with ethyl 
55 ether (3x50 mL), and then acidified with a 8.5% aqueous 
solution of H 3 P0 4 , and then extracted with ethyl acetate 
(3x100 mL) to give 1.63 g (32%) of L-a-acetamido-2- 
furanacetic acid. 

^ mp 169°- 171° C. 

[a] 26 D[c=l, MeOH]=+182°. 

EXAMPLE 34 

Enzymatic Separation of D(-)a-acetamido-2-furanacetic 
65 acid (R-19) from DL (±)a-acetamido-2-furanacetic acid, 

DL (±)a-acetamido-2-furanacetic acid (2.00 g, 10.9 
mmol) was suspended in deionized H 2 0 (600 mL). An 
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aqueous solution of Li OH (IN) was added to this suspension 
dropwise until all of the acid had dissolved and the pH was 
7.2 Acylase 1, Grade II (20 mg, activity=900 units/mg. 
Sigma Chemical Company, Cat. No. A 8376) was then added 
to the above solution and the mixture stirred at 34°-37° C. 
(41 h). The suspension was then cooled to room temperature 
and acidified to pH 1.5 with aqueous IN HQ. The sus- 
pended material was filtered, and the filtrate was saturated 
with solid NaCI, and then extracted with ethyl acetate 
(3x250 mL). The combined ethyl acetate extracts was dried 
(Na 2 S0 4 ). The solvent was removed in vacuo and the 
residue was triturated with ethyl acetate (10 mL). The white 
solid (0.75 g) that remained was filtered and was pure 
D(-)a-acetanudo-2-furanacetic acid; mp 168°-169° G, 
mixed mp with an authentic sample 168°-169° C.; [a]^ 26 
[c^l, MeOH]=- 184.3°. 

EXAMPLE 35 

Preparation of D,l^a-Acetamido-2-furanacetic Acid. 

An ethereal solution of Znd 2 (IN, 28 mL, 0.028 mol) 
was added to a stirred solution of ethyl acetamido-2- 
bromoacetate (4.40 g, 0.019 mol) and furan (11.23 g, 0.165 
mol) in dry tetrahydrofuran (100 mL), and allowed to stir at 
room temperature (5 h). The mixture was then treated with 
H 2 0 (50 mL), the organic phase separated, and the aqueous 
layer extracted with CH 2 C1 2 (2x100 mL). The organic layers 
were combined, dried (Na 2 S0 4 ) and the volatile materials 
were removed by distillation in vacuo to give approximately 
4.00 g (97%) of light-brown semi-solid material. TLC 
analysis showed a major spot at 0.30 (99:1 chloroform/ 
methanol). The desired compound. DJL-ethyl a-acetamido- 
2-furanacetate, was purified by flash column chromatogra- 
phy on silica gel using 99:1 chloroform/methanol as the 
eluent to give 3,60 g (87%) of a beige solid. 

mp 68°-70° C. 

Di-Ethyl a-acetamido-2-furanacetate (4.00 g, 19 mmol) 
was dissolved in 90:10 ethanol/water (150 mL) and then 
KOH (2.00 g, 35 mmol) was added and the resulting solution 
stirred at room temperature (48 h). The reaction was con- 
centrated in vacuo and the residue diluted with H 2 0 and then 
washed with ethyl ether (3x50 mL). The aqueous layer was 
then made acidic with a 8.5% aqueous solution of H3P0 4 
and extracted with ethyl acetate (3x150 mL). The organic 
layers were combined, dried (Na 2 S0 4 ), evaporated to dry- 
ness in vacuo to give the desired compound. 

Yield: 2.65 g (76%). 

0.37 (8:1:1 isopropanol/NH 4 OH/H 2 0). 

mp 172°-174° C. 

EXAMPLE 36 

Synthesis of (D,L)-a-Acetamido-4-pentenoic Acid-N- 
benzylamide. 

4-Methylmoipholine (0.55 g, 5.40 mmol) was added to a 
stirred solution of 2-acetamido-4-pentenoic acid (0.81 g, 
5.18 mmol) in dry tetrahydrofuran (60 mL) at -10° to -15° 
C. under N 2 . After stirring (2 min), isobutyl chlarofonnate 
(0.75 g, 5.70 mmol) was added leading to the precipitation 
or a white solid. The reaction was allowed to proceed for 2 
additional minutes and then a solution of benzylamine (0.61 
g, 5.70 mmol) in tetrahydrofuran (10 mL) was added slowly 
at -10° to -15° C. After stirring (5 min) at room 
temperature, the insoluble salt was removed by filtration. 
The filtrate was evaporated to dryness and the residue was 
triturated with ethyl acetate, and the remaining white solid 
was filtered to yield the desired product 


Yield 0.81 g (64%). 

Rf 0.36 (4% methanol/chloroform). 

mp 118°-120° C. (recrystallized from ethyl acetate/ 
cyclohexane). 

5 ‘H NMR (DMSO-d 6 ) 8 1.83 (s, COCH 3 ), 2.22-2.49 (m, 
CH 2 CH=CH 2 ). 4.26 (d, J=5.3 Hz, CH 2 Ph), 4.25-4.33 (m, 
CH). 4.99-5.09 (m, CH 2 CH=CH 2 ), 7.21-7.29 (m, 5 PhH), 
8.05 (d, J=7.6 Hz. NH), 8.46 (br s, NH). 

10 I3 C NMR (DMS0-d 6 ) 22.41 (COCH 3 ), 36.24 
(CH 2 CH=CH 2 ). 41.91 (CH 2 Ph), 52.20 (CH). 117.15 
(CH 2 CH=CHj). 126.54 (C 4 .). 126.99 (2C 2 . or 2C 3 .). 128.04 
(20, or 2C 3 .), 134.25 (CH 2 CH=CH 2 ), 139.22 (C,.), 169.02 
(COCH 3 ), 170.96 (CONH) ppm. 

15 Mass spectrum, m/e (relative intensity) 246 (M + , 4), 205 
(4). 163 (15). 140 (8), 106 (33), 91 (77), 70 (100). 

Elemental Analysis: Calculated: 68.27% C; 737% H; 
11.37% N. Found: 68.55% C; 7.31% H; 11.48% N. 

Mass spectrum m/e (relative intensity) 292 (M*+l, 1), 
20 233 (8), 158 (19), 157 (100). 116 (26), 115 (100), 106 (29), 
91 (72). 

Elemental Analysis: Calculated: 61.84% C; 7.26% H; 
14.42% N. Found: 61.67% C; 7.10% H; 14.14% N. 

25 EXAMPLE 37 

Synthesis or (D,L)-2-Acetamido-N-benzyl-2-(l- 
morpholine)acetamide. 

A mixture of ethyl 2-acetamido-2-(l-moipholine)acetate 
30 (0.59 g, 2.56 mmol), benzylamine (0.28 g, 2.82 mmol) and 
sodium cyanide (0.01 g, 0.26 mmol) in methanol (5 mL) was 
stirred at 50°-55° C. for 18 hr. The solvent was removed in 
vacuo and the residue triturated with ethyl acetate (5 mL). 
The white solid (0.35 g) that remained was collected by 
35 filtration and identified as the desired compound. The filtrate 
was concentrated and the residue purified by flash column 
chromatography (2% methanol/chloroform) on Si0 2 . The 
initial fractions gave a trace amount (0.09 g) or (DX)-2- 
acetamido-N-benzyl-2-(N-benzylamine)acetamide. Contin- 
40 ued elution gave additional amounts (0.20 g) of the title 
compound. 

(D,L)-2-Acetamido-N-benzyl-2-(N-benzylamiue) 

acetamide: 

45 Yield: 0.09 g (11%). 

mp 135°-138° C. 

*H NMR (DMSO-dJ 8 1.83 (s, COCH 3 ), 3.56 (d, J=13.6 
Hz, NHCH), 3.66 (d, J=13.6 Hz, NHCH), 4.23 (d, J=5.4 Hz, 
CHj), 4.89 (d, J=8.0 Hz. CH), 7.05-7.38 (m, 10 PhH), 8.20 
50 (d. J=8.0 Hz. NH), 8.51 (t, J=5.4 Hz, NH). 

13 C NMR (DMSO-d 6 ) 22.63 (COCH 3 ), 42.11 (CH 2 ), 
48.57 (NHCHj), 64.41 (CH), 126.65 (C 4 ), 126.70 (C 4 .), 
127.13, 128.00, 128.13, 128.22, 139.24 (C 2 orC r ), 140.12 
(C t or C v ), 169.61 (COCH 3 ), 169.90 (CONH) ppm. 

55 (D,L)-2-Acetamido-N-2-benzyl-2-( 1-morpholine) 
acetamide. 

Yield: 0.48 g (64%). 

Rf035 (4% methanol/chloroform). 
gQ mp 171°-172° (recrystallized from ethyl acetate). 

*H NMR (DMSO-dJ 8 1.86 (s, COCH 3 ), 2.30-2.40 (m, 
CH 2 NCHJ, 3.51 (br s, CH 2 0CH 2 ), 4.18-4.33 (m, CH 2 ), 
5.07 (d, J=8.9 Hz, CH), 7.18-7.25 (ra. 5 PhH), 8.23 (d, J=8.9 
Hz, NH), 8.58 (br s, NH). 

65 ,3 C (DMSO-dJ 22.39 (C0CH 3 ), 42.20 (CHJ, 48.43 

(CHjNCHJ, 66.03 (CH), 69.24 (CH 2 OCHJ, 126.76 (C 4 .), 
127.13 (2C Z or 2C 3 .), 128.23 (2C 2 . or 2C 3 .), 139.42 (C r ), 
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EXAMPLE 41 


Synthesis of (D.L)-Ethyl 2-acetaraido-2-(ethylamino) 
acetate. 

A cold (-78° C.) solution of ethyl 2-acetamido-2- 5 
broraoacetate (2. 10 g, 9.38 mmol) in dry tetrahydrofuran (80 
raL) was added slowly into a cooled (-78° C.) tetrahydro- 
furan (20 mL) solution of methylamine (1.40 g, 31.04 mmol) 
over a period of 20 min. The reaction was stirred at -78° C. 

(1 h), and then at room temperature (1 h). The precipitated 10 
salt was filtered and the filtrate concentrated. The residue 
was purified by flash column chromatography on Si0 2 using 
3% methanol/chloroform as the eluent to yield the desired 
compound as a light yellow oil. 

Yield: 0.90 (51%). 15 

Rf 0.36 (4% methanol/chloroform). 

‘H NMR (CDCI3) 0.93 (t, J=6.7 Hz, NHCH 2 CH 3 ). 1.12 (t, 
J=6.8 Hz. OCH 2 CH 3 ). 1.87 (s. COCH 3 ), 2.48 (q, J=6.7 Hz. 
NHCH 2 CH 3 ), 4.05 (q. J=6.8 Hz, OCH 2 CH 3 ). 5.05 (d, J=7.1 , n 
Hz. CH), 7.09 (d, J=7.1 Hz, NH). 

13 C NMR (CDC1 3 ) 13.64 (NHCH 2 CH 3 ), 14.55 
(OCH 2 CH 3 ). 22.53 (COCH 3 ), 39.06 (NHCH 2 CH 3 ), 61.38 
(CH). 64.14 (OCH 2 CH 3 ). 170.09 (COCH 3 ), 170.20 
(COOCH2CH3) ppm. 25 

EXAMPLE 39 

Using the procedures described herein, the following 
examples are also prepared: 
(DX)a-Acetamido-N-benzyl-3-furanacetamide 
(DI^)a-Acetamido-N-(2-fluorobenzyl)-3-furanacetamide 
(DJL)a-Acetaraido-N-(3-fluorobenzyl)-3-furanacetamide 
(DJL)a-Acetamide-N-(4-fluorobenzyl)-3-fiiranacetamide 
a-Acetamide-N-benzyl-2-aminoacetamide 
Preparation of a-Heteroatom Substituted Amino Adds. Syn- 
thesis of Ethyl 2-Acetamido-2-substituted Acetates. 

General Procedure. 

A cooled (-78° C.) solution of ethyl 2-bromo-2- 
acetamidoacetate (1 equiv) in THF (1 mmol/10 mL) was ^ 
added slowly to a THF (1 mmol/4 mL) solution of the 
nitrogen nudeophile (5-10 equiv) at -78° C. The reaction 
was stirred at this temperature (0.5 h) and then at room 
temperature (1 h). The insoluble materials were filtered and 
washed with THF. The filtrate was concentrated in vacuo 45 
and the residue was purified by flash chromatography on 
Si0 2 gel (using the indicated solvent as the eluent) to give 
the desired product. 

Using this procedure the following examples were pre- 
pared. 50 

EXAMPLE 40 

Synthesis of Ethyl 2-Acetamido-2-aminoacetate. 

Ethyl 2-bromo-2-acetamidoacetate (2.00 g, 8.93 mmol) ^ 
and liquid NH 3 (5-6 equiv) yielded a light brown residue, 
which on purification by flash column chromatography on 
Si0 2 gel (5% MeOH/CHCl 3 ) gave the desired product as a 
yellow oil. 

Yield: 1.00 g (70%). 60 

R^O.21 (5% MeOH/CHCl 3 ). 

*H NMR (CDC1 3 ) 8 1.31 (t, J=7.1 Hz, 3H), 2.03 (s. 3H), 
2.61 (br s. 2H), 4.24 (q. J=7.1 Hz, 2H), 5.21 (d. J=7.1 Hz, 
1H). 7.50 (d, J=7.1 Hz. 1H). 65 

* 3 C NMR (CDC1 3 ) 13.72, 22.68. 59.70, 61.73. 170.40, 
170.68 ppm. 


Synthesis of Ethyl 2-Acetamido-2-(methylamino)acetate. 

Use of ethyl 2-bromo-2-acetamidoacetate (2.00 g, 8.93 
mmol) and MeNH 2 (2.50 g. 80.6 mmol) gave an oily residue 
(1.50 g). The residue was purified by flash column chroma- 
tography on Si0 2 gel (3% MeOH/CHCl 3 ) to yield the 
desired product as an oil. 

Yield: 1.00 g (65%). 

X H NMR (CDC1 3 ) 5 1.32 (t. J=7.1 Hz. 3H), 2.07 (s, 3H). 
2.36 (s, 3H), 4.26 (q. J=7.1 Hz, 2H), 5.20 (d, J=7.4 Hz, 1H), 
6.60 (br s. 1H). 

I3 C NMR (CDC1 3 ) 14.02, 23.06, 30.84, 62.04, 65.72, 
170.09, 170.40 ppm. 

EXAMPLE 42 

Synthesis of Ethyl 2-Acetamido-2-(N,N-dimethylaraino) 
acetate. 

Ethyl 2-bromo-2-acetamidoacetate (2.00 g. 8.93 mmol) 
and Me2NH (5-6 equiv) gave the desired product as a 
yellow oil. 

Yield: 1.50 g (89%). 

*H NMR (CDC1 3 ) 8 1.25 (t. J=7.1 Hz, 3H), 2.02 (s. 3H). 
2.33 (s, 6H), 4.10-425 (m. 2H), 5.24 (d, J=8.3 Hz. 1H). 6.59 
(d, J=8.3 Hz. 1H). 

13 C NMR (CDQ 3 ) 14.05. 23.00, 40.28 (2 C), 61.84, 
69.24. 169.38, 170.57 ppm. 

EXAMPLE 43 

Synthesis of Ethyl 2-Acetamido-2-(4-moipholine)acetate. 

Using morpholine (1.71 g, 19.64 mmol) and ethyl 
2-bromo-2-acetamidoacetate (2.00 g, 8.93 mmol) gave an 
oily residue, which was purified by flash column chroma- 
tography on Si0 2 gel (2% MeOH/CHCl 3 ) to give the desired 
product as a thick oil. 

Yield: 1.90 g (93%). 

Rf 0.29 (3% MeOH/CH Cl 3 ). 

*H NMR (CDQ 3 ) 8 1.32 (t. J.=6.8 Hz, 3H), 2.07 (s, 3H), 
2.43-2.72 (m 4H), 3.58-3.78 (m 4H). 4.26 (q, J=6.8 Hz, 
2H). 5.27 (d, J=7.9 Hz, 1H), 6.39 (d, J=7.9 Hz, 1H). 

13 C NMR (CDC1 3 ) 14.21, 23.25, 48.47 (2 C), 62.06, 66.71 
(2 C), 69.22, 169.00, 170.46 ppm 

EXAMPLE 44 

Synthesis of Ethyl 2-Acetamido-2-(N-anilino)acetate. 

Use of aniline (1.83 g, 19.6 mmol) and ethyl 2-bromo-2- 
acetamidoacetate (2.00 g, 8.93 mmol) provided a brown 
residue which was purified by flash column chromatography 
on Si0 2 gel (CHCl 3 -2% MeOH/CHCl 3 gradient) to yield the 
desired product. 

Yield: 1.80 g (85%). 

Rf 0.52 (4% MeOH/CHCl 3 ). 

mp 87°-89° C. (recrystallized from ethyl acetate/ 
petroleum ether). 

l H NMR (CDC1 3 ) 8 1.29 (t. J=7.1 Hz, 3H), 1.84 (s. 3H), 
4.27 (q, J=7.1 Hz, 2H). 5.89 (d, J=8.2 Hz, 1H). 6.43 (d, J=8.2 
Hz, 1H), 6.68-6.71 (m, 2H). 6.80-6.83 (m 1H), 7.17-7.22 
(m, 2H). The remaining amino proton was not detected. 

13 C NMR (CDC1 3 ) 13.96. 22.98, 60.19, 62.41. 113.87 (2 
C), 119.29, 129.37 (2 C). 144.09, 169.77, 170.14 ppm 

IR (KBr) 3340, 1720, 1635, 1590, 1490, 730, 710 cm -1 . 

Mass spectrum (FD) 237 (M 30 +l). 
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Elemental analysis Calculated for C 12 H 16 N 2 0 3 61.00% 
C; 6.83% H; 11.86% N. Found 60.88% C; 6.56% H; 12.00% 
N. 

EXAMPLE 45 

Synthesis of Ethyl 2-Acetamido-2-(N-(3-pyrazolylamino)) 
acetate. 

Using ethyl 2-bromo-2-acetamidoacetate (2.00 g, 8.92 
mmol) and 3-aminopyrazole (1.85 g, 22.32 mmol) and 
purification of the reaction product by chromatography on 
Si0 2 gel (2% MeOH/CHCl 3 ) gave the desired product as a 
yellow oil. 

Yield: 1.80 g (89%). 

0.35 (8% MeOH/CHCl 3 ). 

*H NMR (CDC1 3 ) 8 1.21 (t, J=7.1 Hz, 3H), 1.89 (s. 3H), 
4.20 (q. J=7.1 Hz. 2H), 5.64 (d. J=1.8 Hz, 1H), 5.71 (br s, 
1H), 5.73 (d, J=7.1 Hz, 1H). 7.29 (d, J=1.8 Hz, 1H), 7.98 (d, 
J=7.1 Hz, 1H). The remaining amino proton was not 
detected. 

13 C NMR (CDC1 3 ) 13.73, 22.49, 61.41, 62.02, 91.79, 
130.53, 153.02, 169.96, 170.93 ppm. 

EXAMPLE 46 

Synthesis of Ethyl 2-Acetamido-2-hydroxyamino)acetate. 

Using ethyl 2-bromo-2-acetamidoacetate (2.10 g, 937 
mmol) and anhydrous NH 2 OH (0.93 g, 28.00 mmol) gave an 
oily residue. The residue was purified by flash column 
chromatography on Si0 2 gel (5% MeOH/CHCl 3 ) to give the 
desired product. The product was recrystallized from EtOH 
to give a white flaky solid. 

Yield: 1.00 g (61%). 

Rf 0.24 (5% MeOH/CHCl 3 ). 

mp 119°-121° C. 

*H NMR (DMSO-d*) 5 1.19 (t, J=6.9 Hz, 3H). 1.87 (s, 
3H), 4.10 (q, J=6.9 Hz, 2H), 5.09 (dd, J=4.0, 8.0 Hz, 1H), 
6.06 (br s, 1H), 7.63 (s, 1H), 8.50 (d. J=8.0 Hz, 1H). 

13 C NMR (DMSO-d 6 ) 14.05, 22.46, 60.82, 67.37, 169.19, 
169.48 ppm. 

IR (KBr) 3300, 1750, 1660, 1540, 1390, 610 cm" 1 . 

Mass spectrum (FD) 177 (M*+l). 

Elemental analysis Calculated for C 6 H 12 N 2 0 4 40.91% C; 
6.87% H; 15.90% N. Found 40.79% C; 6.87% H; 15.90% N. 

EXAMPLE 47 

Synthesis of Ethyl 2-Acetamido-2-(N-(N- 
methylhydroxyamino))acetate. 

MeNHOH (17.39 mmol) (prepared from MeNHOH.HCl 
(2.00 g, 23.95 mmol) and NaOMe (0.94 g, 1739 mmol)), 
and ethyl 2-bromo-2-acetaraidoacetate (1.00 g, 4.46 mmol) 
gave an oily residue. The residue was triturated with EtOAc 
(5 mL) and the solid that remained was filtered and recrys- 
tallized from EtOH to give the desired product as a white 
solid. 

Yield: 0.70 g (82%). 

0.34 (5% MeOH/CHCl 3 ). 

mp 148°-150° C. 

l H NMR (DMSO-d*) 8 1.17 (t, J=7.0 Hz, 3H), 1.89 (s, 
3H), 237 (s, 3H), 4.00-4.20 (m, 2H), 5.04 (d, J=9.2 Hz, 1H), 
8.17 (s, 1H). 8.43 (d. J=9.2 Hz, 1H). 

i3 C NMR (DMSO-d*) 14.04, 22.28, 43.78, 60.79, 71.46. 
168.29, 170.23 ppm. 

IR (KBr) 3320, 3200 (br), 1760, 1660, 1530, 1470, 720, 
640 cm -1 . 
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Mass spectrum (FD) 192 (M*+l). 

Elemental analysis Calculated for C7H 14 N 2 O 4 .0.25 H 2 0 
43.18% C; 7.51% H; 14.39% N. Found 43.28% C; 7.25% H; 
14.64% N. 

5 

EXAMPLE 48 

Synthesis of Ethyl 2-Acetamido-2-(N-(N,0- 
djmethylhydroxyamino))acetate. 

10 MeNHOMe (17.40 mmol) (prepared from 
MeNHOMe.HCl (2.18 g, 2232 mmol) and NaOMe (0.94 g, 
17.40 mmol)) and ethyl 2-bromo-2-acetaraidoacetate (1.00 
g, 4.46 mmol) gave a residue which was purified by flash 
column chromatography on Si0 2 gel (1% MeOH/CHCl 3 ) to 
15 give the desired product as an oil. 

Yield: 0.60 g (66%). 

R^O.53 (2% MeOH/CHQ 3 ). 

*H NMR (CDC1 3 ) 8 1.35 (t, J=7.0 Hz, 3H), 2.12 (s, 3H), 
2.62 (s, 3H). 3.46 (s, 3H), 430 (q, J=7.0 Hz, 2H), 5.36 (d, 
20 J=8.9 Hz, 1H), 6.66 (d, J=8.9 Hz, 1H). 

l3 C NMR (CDC1 3 ) 14.06, 22.89, 4030, 60.01, 61.89, 
70.16, 168.14, 170.53 ppm. 

Synthesis of 2-Acetamido-N-benzyl-2-substituted Aceta- 
25 mides. 

General Procedure. 

A mixture of the ethyl 2-substituted-2-acetamidoacetate 
( 1 equiv), benzylaraine (1.2 equiv), and NaCN (0. 1 equiv) in 
MeOH (1 mmol/25 mL) was stirred at 45 o -50° C. (18 h). 
30 The solvent was removed in vacuo and the residue was 
purified using either trituration with EtOAc or flash column 
chromatography on Si0 2 gel with the indicated solvent as 
the eluent 

Using this procedure the following examples were pre- 
35 P 3 ^- 

EXAMPLE 49 

Synthesis of 2-Acetamido-N-benzyl-2-aminoacetamide. 
Ethyl 2-acetamido-2-aminoacetate (1.00 g, 6.25 mmol), 
40 benzylamine (0.80 g, 7.5 mmol) and NaCN (0.03 g, 0.61 
mmol) gave a residue which solidified on standing (18 h). 
The reaction mixture was triturated with EtOAc (20 mL). 
The white solid which remained was filtered and then further 
purified by recrystallization from EtOAc. 

45 Yield: 1.00 g (72%). 

Rf0.21 (5% MeOH/CHClj). 
mp 131°-133° C. (dec.). 

X H NMR (DMSO-dg) 8 1.83 (s, 3H). 2.35 (br s, 2H), 4.28 
50 (d, 1=4.4 Hz, 2H). 4.91 (d, J=7.0 Hz, 1H), 7.20-7.32 (m, 
5H), 8.31 (br s, 1H), 8.51 (br s, 1H). 

13 C NMR (DMSO-dg) 22.6, 42.05, 60.29, 126.67, 127.10 
(2 C), 128.18 (2 C), 139.23, 169.24, 170.67 ppm 
IR (KBr) 3300, 1650 (br), 1530 (br), 1450, 740 cnTl. 

55 Mass spectrum m/e (relative intensity) 222 (NT+lOO), 
221 (M + , 29), 133 (8). 

Elemental analysis Calculated for C U H 1S N 3 0 2 59.71% 
C; 6.83% H; 18.99% N. Found 59.86% C; 6.88% H; 18.72% 
60 N. 

EXAMPLE 50 

Synthesis of 2-Acetamido-N-benzyl-2-(methylamino) 
acetamide. 

65 Ethyl 2-acetamido-2-(raethylamino)acetate (1.50 g, 8.63 
mmol), benzylamine (1.11 g, 1035 mmol) and NaCN (0.04 
g, 0.82 mmol) gave a brown residue which was purified by 
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flash column chromatography on Si0 2 gel (2% MeOH/ 
CHC1 3 ) to yield the desired product. 

Yield: 1.00 g (49%). 

Rf 0.33 (3% MeOH/CHCl 3 ). 

mp 115°-117° C. (recrystallized from ethyl acetate/ 
petroleum ether). 

l H NMR (DMSO-dg) 6 1.87 (s, 3H). 2.18 (s. 3H), 

4.20- 4.29 (m. 2H). 4.87 (d, J=7.9 Hz, 1H), 7.24-7.35 (ra, 
5H), 8.14 (d. J=7.9 Hz, 1H), 8.55 (hr s, 1H). The remaining 
amino proton was not detected. 

13 C NMR (DMSO-d 6 ) 22.52. 31.37. 42.04, 65.99, 126.68, 
127.12 (2 C), 128.18 (2 C), 139.28, 169.51, 169.83 ppm. 
IR (KBr) 3240, 1610 (br), 1500 (br), 1430, 725, 670 cm -1 . 
Elemental analysis Calculated for C 12 H 17 N 3 0 2 61.26% 
C; 7.28% H; 17.86% N. Found 61.12% C; 7.01% H; 17.71% 
N. 

EXAMPLE 51 

Synthesis of 2-Acetamido-N-benzyl-2-(ethylamino) 
acetamido. 

Using ethyl 2-acetamido-2-(ethylamino)acetate (0.90 g, 
4.79 mmol), benzylamine (0.62 g, 5.75 mmol), and NaCN 
(0.03 g, 0.51 mmol) gave an oily residue which was purified 
by flash column chromatography on Si0 2 gel (3% MeOH/ 
CHC1 3 ) to give the desired product as a white solid. 

Yield: 0.35 g (29%). 

Rf 0.34 (4% MeOH/CHCl 3 ). 

mp 123°-125° C. (recrystallized from ethyl acetate/ 
hexane). 

‘H NMR (DMSO-dg) 8 0.93 (t, J=6.8 Hz, 3H). 1.81 (s, 
3H). 2.08 (br s. 1H). 2.40-2.48 (m, 2H), 4.22 (d, J=5.5 Hz. 
2H). 4.90 (d. J=7.8 Hz. 1H). 7.20-7.27 (m. 5H), 8.08 (d, 
J=7.8 Hz, 1H), 8.48 (t, J=5.5 Hz, 1H). 

,3 C NMR (CDQ 3 ) 15.14, 22.97, 37.65, 43.53, 65.68, 
127.44 (2 C), 127.50. 128.64 (2 C), 137.73, 169.75, 171.20 
ppm. 

IR (KBr) 3250, 1620 (br), 1510 (br), 1450 (br), 740, 680 
era" 1 . 

Elemental analysis Calculated for C 13 H 19 N 3 0 2 62.63% 
C; 7.68% H; 16.85% N. Found 62.69% C; 7.49% H; 16.65% 
N. 

EXAMPLE 52 

Synthesis of 2-Acetamido-N-benzyl-2-(N-anilino) 
acetamido. 

Employing ethyl 2-acetamido-2-(N-anilino)acetate (2.00 
g, 8.47 mmol), benzylamine (1.09 g, 10.00 mmol), and 
NaCN (0.04 g, 0.84 mmol) gave a white solid which 
separated during the course of the reaction. The precipitate 
was filtered and purified by recrystallization from absolute 
EtOH to give the desired product. 

Yield: 1.10 g (44%). 
mp 183°-185° C. 

*H NMR (DMSO-d 6 ) 8 1.84 (s, 3H), 4.31 (d, J=5.8 Hz, 
2H), 5.67 (t, J=8.1 Hz. 1H), 6.04 (d, J=8.1 Hz, 1H), 
6.59-6.64 (m, 1H), 6.70-6.72 (m. 2H), 7.06-7.11 (m, 2H). 

7.20- 7.33 (m. 5H), 8.41 (d. J=8.1 Hz, 1H), 8.72 (t, J=5.8 Hz, 
1H). 

l3 C NMR (DMSO-d*) 22.46. 42.25, 60.42, 113.21 (2 C), 
117.22, 126.72, 127.16 (2 C), 128.18 (2 C), 128.77 (2 C), 
138.99. 145.88. 168.65. 169.70 ppm. 

IR (KBr) 3270, 1630, 1520, 1490, 1430, 740, 690 cm -1 . 
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Mass spectrum, m/e (relative intensity) 297 (M+, 2), 239 
(7), 164 (28), 163 (100), 122 (20), 121 (100), 106 (47). 104 
(65), 93 (63), 91 (77). 

Elemental analysis Calculated for C 17 H i9 N 3 0 2 68.67% 
5 C; 6.44% H; 14.13% N. Found 68.94% C; 6.42% H; 13.92% 
N. 

EXAMPLE 53 

Synthesis of 2-Acetamido-N-benzyl-2-(N-(3- 
10 pyrazolylamino))acetamide. 

A solution of ethyl 2-acetamido-2-(N-(3- 
pyrazolylamino)) acetate (1.60 g, 7.1 mmol) in MeOH (40 
mL) containing benzylamine (0.83 g, 7.8 mmol) and NaCN 
15 (50 mg, 1 mmol) was stirred at 45-55° C. (18 h). TLC 
analysis (8% MeOH/CHCl 3 ) of the reaction mixture indi- 
cated the presence of only a minor amount of product. A 
second lot of NaCN (50 mg, 1 mmol) was then added and 
the reaction was allowed to proceed at 45°-55° C. (6 h) and 
2Q then at room temperature (48 h). The solvent was removed 
in vacuo and the residue was triturated with EtOAc (15 mL). 
The insoluble solid that remained was filtered and purified 
by flash column chromatography on Si0 2 gel (7% MeOH/ 
CHC1 3 ) to give the desired product. 

25 Yield: 0.90 g (44%). 

Rf 0.35 (8% MeOH/CHCl 3 ). 

mp 135°-137° C. 

*H NMR (DMSO-cU) 8 1.82 (s, 3H), 4.29 (d, J=5.9 Hz, 
2H). 5.51-5.55 (m, 3H), 7.18-7.40 (m, 6H), 8.36 (br s, 1H), 
30 8.53 (br s. 1H), 11.66 (br s, 1H). 

13 C. NMR (DMSO-d 6 ) 22.59, 42.29, 61.79, 90.68, 
126.67, 127.07 (2 C). 128.17 (2 C), 129.10. 139.41, 153.53, 
169.19, 169.67 ppm. 

IR (KBr) 3230 (br), 1620 (br), 1500 (br), 1430, 730, 690 
5 cm 1. 

Mass spectrum, m/e (relative intensity) 288 (M*+l, 64), 
287 (M+, 2), 230 (28), 229 (100). 153 (46). 

Elemental analysis Calculated for C 14 H 17 N 5 O 2 .0.5 H 2 0 
40 56.47% C; 6.12% H; 23.63% N. Found 56.63% C; 5.79% H; 
23.43% N. 

Preparation of Functionalized a-Heteroatom Substituted 
Amino Adds. 

General Procedure. 

45 A BBr 3 solution ( 1M in CH 2 C1 2 , 1. 1 equiv) was added to 
n solution of 2-acetamido-N-benzyl-2-ethoxyacetamido (1 
equiv) in CH 2 Q 2 (10 mmol/125 mL). The mixture was 
stirred at room temperature (5 h) and then concentrated to 
dryness in vacuo to give 2-acetamido-N-benzyl-2- 
5Q bromoacetamide as in pale yellow crystalline material. The 
bromo adduct was then dissolved in THF (10 ramol/250 
mL), cooled (-78° C.), and then added over a 15 min interval 
to a cooled (-78° C.) solution of the heteroatom nucleophile 
in THF (1 mmol/1 mL). The reaction mixture was stirred at 
55 this temperature (30 min) and then at room temperature (90 
min). The insoluble salts were filtered and the filtrate con- 
centrated in vacuo. The residue was then purified by flash 
column chromatography on Si0 2 gel using the inicated 
solvent as the eluent. 

60 Using this procedure the following examples were pre- 
pared. 

EXAMPLE 54 

Synthesis of 2-Acetamido-N-benzyl-2-(N,N- 
65 dimethylamino)acetamido. 

By making use of 2-acetamido-N-benzyl-2- 
ethoxyacetaraide (3.00 g, 12.0 mmol), BBr 3 (1M in CH 2 C1 2 , 
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13.2 mL, 13.2 mmol), and M^NH (5-6 equiv) was obtained 
a brown residue which was purified by flash column chro- 
matography on Si0 2 gel (2.5% MeOH/CHCl 3 ) to give the 
desired product. The product was recrystallized from ethyl 
acetate/hexane to give light yellow cubic crystals. 

Yield: 1.20 g (40%). 

Rf 0.39 (5% MeOH/CHCl 3 ). 

mp 104°-106° C. 

‘H NMR (DMSO-dg) 5 1.91 (s. 3H). 2.11 (s. 6H), 4.22 
(dd, J=5.2, 14.7 Hz, 1H). 4.34 (dd, J=6.1, 14.7 Hz. 1H), 5.11 
(d, J=8.3 Hz, 1H). 7.23-7.31 (m. 5H). 8.18 (d. J=8.3 Hz, 
1H), 8.55 (hr s, 1H). 

13 C NMR (DMSO-d 6 ) 22.43, 40.33 (2 C), 42.28, 69.42, 
126.73, 127.27 (2 C), 128.21(2 C). 139.49, 168.49, 170.31 
ppm. 

IR (KBr) 3280, 1670 (hr), 1500 (br), 1460, 760, 700 cm* 1 . 

Mass spectrum 250 (M*+l). 

Elemental analysis Calculated for C 13 H 19 N 3 0 2 62.63% 
C; 7.68% H; 16.85% N. Found 62.82% C; 7.66% H; 16.69% 
N. 

EXAMPLE 55 

Synthesis of 2-Acetamido-N-benzyl-2-(N-hydroxyamino) 
acetamide. 

Using 2-ace tamido-N-benzyl-2-ethoxyacetamide (2.00 g. 
8.0 mmol), BBr 3 (1M in CH 2 C1 2 , 8.8 mL, 8.8 mmol), and 
anhydrous NH 2 OH (5-6 equiv) gave an oily residue. The 
residue was separated into three components by flash chro- 
matography on Si0 2 gel (7.5% MeOH/CHCl 3 ). 

2-Acetamido-N-benzyl-2-(N-hydroxyamino)acetamide, 

Yield: 0.14 g (7%). 

R, 0.30 (8% MeOH/CHCl 3 ). 

mp 144°-146° C. (dec.) (recrystallized from EtOH) 

‘H NMR (DMSO-d 6 ) 6 1.88 (s, 3H), 431 (d. J=5.7 Hz, 
2H), 5.08 (dd, J=4.4, 8.1 Hz. 1H). 5.94 (dd, J=2.8, 4.4 Hz. 
1H), 7.19-735 (m, 5H). 7.5 (d, J=2.8 Hz, 1H). 8.26 (d, J=8.1 
Hz. 1H). 8.42 (t, J=5.7 Hz, 1H). 

13 C NMR (DMSO-d 6 ) 22.69, 42.25, 67.86, 126.69. 
127.14 (2 C), 128.18 (2 C), 139.08, 168.53, 169.67 ppm. 

IR (KBr) 3320 (br), 1660 (br), 1540 (br); 1460. 750, 700 
cm -1 . 

Mass spectrum (FD) 238 (M + +l). 

Elemental analysis Calculated for C n H 15 N 3 0 3 55.69% 
C; 6.37% H; 17.71% N. Found 55.86% C; 6.37% H, 17.38% 
N. 

Dimer A. 

Yield: 0.05 g (3%). 

Rf 0.27 (8% MeOH/CHCl 3 ). 

mp 177°-179° C. (recrystallized from EtOH). 

*H NMR (DMSO-dg) 6 1.82 (s, 6H), 4.25-4.34 (m, 4H), 
5.21 (d, J=9.3 Hz. 2H) 7.20-73.3 (m, 10H), 8.16 (d, J=9.3 
Hz, 2H), 8.26 (t, J=5.8 Hz, 2H), 8.51 (s, 1H). 

13 C NMR (DMSO-d*) 22.54 (2 C), 42.30 (2 C), 67.55 (2 
C), 126.63 (2 C), 127.13 (4 C), 128.11 (4 C), 139.02 (2 C), 
168.24 (2 C), 169.33 (2 C) ppm 

IR (KBr) 3240 (br), 1640 (br), 1510 (br), 1450, 690 cm’ 1 . 

Mass spectrum (FD) 442 (M + +l). 

Elemental analysis Calculated for C^H^NjOj 59.85% 
C; 6.16% H; 15.86% N. Found 59,56% C; 6.08% H; 15.64% 
N. 


Yield: 0.10 g (6%). 

Rf 0.18 (8% MeOH/CHCl 3 ). 

mp 184°-186° C. (recrystallized from MeOH). 

*H NMR (DMSO-d^ 6 1.87 (6H), 4.20 (dd, J=5.3, 15.3 
Hz. 2H), 4.44 (dd, J=6.2, 15.3 Hz, 2H), 5.28 (d, J=9.0 Hz, 
2H), 7.15-7.31 (m, 10H), 8.00 (d, J=9.0 Hz, 2H), 8.39 (dd, 
J=5.3, 6.2 Hz, 2H), 8.51 (s, 1H). 

13 C NMR (DMSO-de) 22.50 (2 C), 42.58 (2 C), 69.98 (2 
io C), 126.73 (2 C), 127.23 (4 C), 128.22 (4 C), 139.08 (2 C), 
167.60 (2 C), 169.57 (2 C) ppm 

IR (KBr) 3300 (br), 1660 (br), 1530 (br), 1450, 740, 700 
cm -1 . 

Mass spectrum (FD) 442 (M*+l). 

15 Elemental analysis Calculated for C22H27N505 59.85% 
C; 6.16% H; 15.86% N. Found 60.09% C; 5.93% H; 15.76% 
N. 

EXAMPLE 56 

20 

Improved Synthesis of 2-Acetamido-N-benzyl-2-(N- 
hydroxyamino)acetamide. 

2-Acetamido-N-benzyl-2-bromoacetamide (prepared 
from 2-acetamido-N-benzyl-2-ethoxyacetamide (3.00 g, 
25 12.0 mmol) and BBr 3 (1M in CH 3 Cl 2 , 17.2 mL, 17.2 mmol)) 
was dissolved in THF (250 mL), cooled (-10° C), and then 
added dropwise (30 min) to a suspension of NH 2 OH (5-6 
equiv) in THF (50 mL) at -10° C. The reaction mixture was 
stirred (30 min) at this temperature and then allowed to 
30 warm to room temperature (1 h). The insoluble materials 
were filtered and the filtrate was concentrated in vacuo. The 
residue was separated into two components by flash column 
chromatography on Si0 2 gel (7.5% MeOH/CHCl 3 ). 

2-Acetamido-N-benzyl-2-(N-hydroxyamino)acetamide. 

35 Yield: 0.66 g (23%). 

mp 144°-146° C. (dec.) (recrystallized from EtOH). 

Dimer B. 

Yield: 0.10 g (5%). 

40 mp 184°-186° C. (recrystallized from MeOH). 

Dimer A was not observed under these conditions. 

EXAMPLE 57 

45 Synthesis of 2-Acetamido-N-benzyl-2-(N 2 - 
phenylhydrazino)acetamide. 

Using 2-acetamido-N-benzyl-2-ethoxyacetamide (2.00 g, 
8.0 mmol), BBr 3 (1M in CH 2 C1 2 , 10.0 mL, 10.0 mmol), and 
phenylhydrazine (2.60 g, 24.0 mmol) gave a pale yellow oily 
so residue which was purified by flash column chromatography 
on Si0 2 gel (2% MeOH/CHCl 3 ) to give the desired product 
The product was recrystallized from chloroform/hexane as a 
light yellow solid. 

Yield: 0.75 g (29%). 

55 R^ 0.26 (2% MeOH/CHCl 3 ). 

mp 132°-134° C. 

*H NMR (DMSOd 6 ) 8 1.89 (s, 3H), 4.28 (d, J=5.8 Hz, 
2H), 4.89 (d, J=5.2 Hz, 1H), 5.09 (dd. J=5.2, 7.4 Hz. 1H), 
6.61 (t, J=7.4 Hz, 1H), 6.70-7.28 (m, 10H), 8.29 (d, J=7.4 
Hz, 1H), 8.60 (t, J=5.8 Hz, 1H). 

13 C NMR (DMSO-dg) 22.88, 42.22, 66.22, 112.66 (2 Q, 
117.57, 126.65, 127.08 (2 C), 128.15 (2 C), 128.53 (2 Q, 
139.12, 149.90, 168.66, 170.04 ppm. 

65 IR (KBr) 3300, 1640 (br), 1610, 1520 (br), 1460, 760, 700 

cm -1 . 

Mass spectra (FD) 313 (M~*+l). 


Dimer B. 
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Elemental analysis Calculated for C 17 H 20 N 4 0 2 65.37% 
C; 6.45% H; 17.94% N. Found 65.15% C; 6.25% H; 17.71% 
N. 

EXAMPLE 58 

Synthesis of 2-Acetamido-N-benzyl-2-(N 2 - 
benzyloxycarbonylhydrazino)acetaraide. 

Employing 2- acetamido-N-benzy 1-2 -ethoxy acetamide 
(3.00 g, 12.0 mmol). BBr 3 (1M in CH 2 C1 2 , 15.0 mL. 15.0 
mmol), and benzyl carbazate (4.58 g, 27.6 mmol), 0.95 g 
(21%) of the desired product was obtained. The product was 
recrystallized from chloroform/hexane to give a white amor- 
phous solid. 

Rf 0.32 ( 2 % MeOH/CHCl 3 ). 

mp 152M54 0 C. 

X H NMR (DMSO-d 6 ) 8 1.85 (s, 3H), 4.27 (d, J=4.4 Hz, 
2H), 5.00 (s, 2H), 5.14 (ddj=3.1. 8.0 Hz, 1H), 5.23 (t, J=3.1 
Hz, 1H), 7.25-7.35 (ra, 10H), 8.26 (d, J=8.0 Hz, 1H), 8.56 
(br s, 1H), 8.66 (br s, 1H). 

13 C NMR (DMSO-d 6 ) 22.71, 42.23, 65.56, 65.97. 126.69, 
127.16 (2 C), 127.61 (2 C), 127.77, 128.13 (2 C), 128.27 (2 
C), 136.74, 138.87, 168.04, 169.95 ppm. 

IR (KBr) 3325, 1620 (br), 1500 (br), 1440, 740, 680 cm” 1 . 

Mass spectrum (FD) 371 (M*+l). 

Elemental analysis Calculated for C 19 H 22 N 4 0 4 61.61% 
C; 5.99% H; 15.13% N. Found 61.40% C; 6.21% H; 15.39% 
N. 

EXAMPLE 59 

Synthesis of 2-Acetaraido-N-benzyl-2-phenoxyacetamide. 

Using 2-acetamido-N-benzyl-2-ethoxyacetamide (3.00 g, 
12.0 mmol). BBr 3 (1M in CH 2 C1 2 , 15.0 raL, 15.0 mmol), 
and NaOPh (4.18 g, 30 mmol) gave a brown oily residue 
which was purified by flash column chromatography on 
Si0 2 gel using first CHC1 3 and then 2 % MeOH/CHCl 3 as the 
eluents to give the desired product The compound was 
recrystallized from chloroforra/hexane. 

Yield: 0.80 g (22%). 

R^ 0.58 (3% MeOH/CHCl 3 ). 

rap 125°-128° C. (softens at 122 ° C.). 

a H NMR (DMS0-d 6 ) 8 1.83 (s, 3H), 4.35 (d, J=5.7 Hz, 
2H), 6.18 (d, J=9.4 Hz, 1H), 6.94-6.99 (m, 2H), 7.02-7.33 
(m 8 H), 8.98 (t, J=5.7 Hz, 1H), 9.10 (d, J=9.4 Hz, 1H). 

13 C NMR (DMSO-d 6 ) 22.54, 42.24, 76.44, 116.09 (2 C), 
121.78, 126.84, 127.26 (2 Q, 128.25 (2 C), 128.44 (2 C), 
138.84, 155.97, 166.63, 170.73 ppm. 

IR (KBr) 3300, 1650 (br), 1600, 1530 (br), 1490, 1450, 
760, 700 cm- 1 . 

Mass spectrum (FD) 299 (M + +l). 

Elemental analysis Calculated for C l 7 H 18 N 2 O 3 .0.5 H 2 0 
66.43% C; 6.23% H; 9.11% N. Found 66.62% C; 6.23% H; 
9.16% N. 

EXAMPLE 60 

Synthesis of 2-Acetamido-N-benzyl-2-(methylraercapto) 
acetamide. 

A cooled (-78° C.) solution or EtgN (4.85 g, 48.0 mmol) 
in THF (20 mL) was added to a cooled (-78° C.) solution of 
2-acetamido-N-benzyl-2-bromoacetamide (prepared from 
2-acetamido-N-benzyl-2-ethoxyacetamide (4.00 g, 16.0 
mmol) and BBr 3 (1M in CH 2 C1 2 , 20.0 mL, 20.0 mmol)) in 
THF (275 raL). A cooled (-78° C.) solution of excess MeSH 
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(5-6 equiv) in THF (55 mL) was then added. The reaction 
mixture was stirred at this temperature (30 rain) and then at 
room temperature (1 h). The insoluble materials were fil- 
tered and the filtrate was evaporated to dryness in vacuo. The 
5 oily residue obtained was purified by flash column chroma- 
tography on Si0 2 gel ( 2 % MeOH/CHCl 3 ) to give 1.10 g 
(27%) of the desired product as a yellow orange oil. The 
product was purified by a second flash column chromatog- 
raphy on Si0 2 gel (2% MeOH/CHCl 3 ) to give 0.72 g of the 
io pure product as a white solid. 

R^ 0.65 (3% MeOH/CHCl 3 ). 

mp 155°-157° C. 

‘H NMR (CD 3 N0 2 ) 5 1.98 (s, 3H), 2.08 (s. 3H), 4.39 (dd, 
5 J=6.1, 15.2 Hz. 1H). 4.49 (dd. J=6.1. 15.2 Hz, 1H). 5.51 (d, 
J=7.8 Hz, 1H), 7.15 (d, J=7.8 Hz, 1H), 7.17-7.41 (m, 6 H). 

l3 C NMR (CD 3 N0 2 ) 12.28, 22.94. 44.26, 56.03, 128.46, 
128.60 (2 Q, 129.77 (2 C), 140.17, 169.19, 171.06 ppm. 

IR (KBr) 3320. 1650 (br), 1520 (br), 1460, 750 cm" 1 . 

20 Mass spectrum (FD) 253 (M^+l). 

Elemental analysis Calculated for C 12 H 16 N 2 0 2 S 57.12% 
C; 6.39% H; 11.10% N. Found 57.06% C; 6.57% H; 11.28% 
N. 

25 EXAMPLE 61 

Synthesis of 2-Acetamido-N-benzyl-2-(ethylmercapto) 
acetamide. 

Using the procedure described for the synthesis of 
30 2-acetamido-N-benzyl-2-(methylmercapto)acetamide, 
2-acetamido-N-benzyl-2-ethoxy acetamide (2.00 g, 8.0 
mmol) and EtSH (0.65 g, 10.4 mmol) were converted to 0.80 
g (38%) of the desired product. The compound was further 
purified by recrystallization from chloroform/hexane to give 
35 a beige solid. 

R^ 0.60 (4% MeOH/CHCl 3 ). 

mp 146°-148° C. 

a H NMR (DMSO-d$) 8 1.56 (t, J=7.4 Hz, 3H), 1.88 (s, 
40 3H), 2.49-2.67 (m, 2H), 4.23 (dd, J=5.9, 15.2 Hz, 1H), 432 
(dd, J=5.9, 15.2 Hz, 1H), 5.55 (d, J=9.1 Hz, 1H), 7.20-735 
(m, 5H), 8.59 (d, J=9.1 Hz, 1H), 8.75 (t, J=5.9 Hz, 1H). 

13 C NMR (DMSO-dg) 14.73, 22.43, 23.73, 42.10, 53.70, 
126.87, 127.14 (2 C), 12832 (2 C), 139.01, 167.89, 169.02 
45 ppm. 

IR (KBr) 3240, 1620 (br), 1510 (br), 1415, 680, 640 cm" 1 . 

Mass spectrum (FD) 267 (M*+l). 

Elemental analysis Calculated for C 13 H i8 N 2 O 2 S.0.25 
H 2 0 57.65% C; 6 . 88 % H; 1034% N. Found 57.48% C; 
50 6.84% H; 10.28% N. 

Preparation of Functionalized a-Heteroatom Substituted 
Amino Adds. 

General Procedure. 

55 A mixture of 2-acetamido-2-(N,N,N- 
trimethylammonium)acetamide tetrafluoroborate (1 eqiuv), 
and the nitrogen nucleophile (4-5 equiv) in MeOH (1 
mmol/1 raL) was stirred at 55°-60° C. (3 h). The solvent was 
removed in vacuo and the residue was purified by flash 
6Q column chromatography on Si0 2 gel using the indicated 
solvents as the eluent. 

Using this procedure the following examples were pre- 
pared. 

EXAMPLE 62 
65 

Synthesis of 2-Acetamido-N-benzyl-2-(N-methoxyamino) 
acetamide. 
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Using a MeOH solution of MeONH 2 (prepared from 
MeONH 2 .HQ (2.83 g, 33.9 mmol) and NaOMe (1.41 g, 
26.1 mmol)), and 2-acetamido-2-(N,N,N- 
trimethylammonium)acetamide tetrafluoroborate (2.70 g, 
7.67 mmol) gave an oily residue which was purified by flash 5 
column chromatography on Si0 2 gel (2% MeOH/CHCl 3 ) to 
give the desired product. The product was recrystallized 
from chloroform/hexane. 

Yield: 0.80 g (42%). 

Rf 0.23 (2% MeOH/CHCl 3 ) 10 

rap 95°-97° G 

*H NMR (DMSO-dg) 8 1.88 (s, 3H), 3.38 (s, 3H). 
4.22-4.41 (m, 2H), 5.18 (dd, J=4.9, 7.8 Hz, 1H). 6.78 (d, 
J=4.9 Hz, 1H), 7.21-7.32 (m, 5H), 8.33 (d, J=7.8 Hz, 1H), 15 
8.56 (br s, 1H). 

13 C NMR (DMSO-d 6 ) 22.64, 42.28, 61.42, 66.25, 126.74, 
127.19 (2 C), 128.19 (2 C), 139.11, 167.95, 169.66 ppm. 

IR (KBr) 3300, 1650, 1620, 1510 (br), 1440, 750, 680 
cm -1 . 20 

Mass spectrum (FD) 252 (M*+l). 

Elemental analysis Calculated for C 12 H l7 N 3 0 3 57.63% 

C; 6.82% H; 16.72% N. Found 57.06% C; 6.63% H; 16.65% 


EXAMPLE 63 

Synthesis of 2-Acetamido-N-benzyl-2-(N-(N- 
raethylhydroxyamino))acetaraide. 

An MeOH solution (30 mL) of MeNHOH (21.74 mmol) 30 
(prepared from MeNHOH.HCl (2.36 g, 28.26 mmol) and 
NaOMe (1.17 g, 21.74 mmol)) and 2-acetamido-2-(N,N.N- 
trimethylammonium)acetamide tetrafluoroborate (2.20 g, 
6.25 mmol) gave a residue which was purified by flash 
column chromatography on Si0 2 gel (6% MeOH/CHCl 3 ) to 35 
give the desired product as a white solid. The product was 
then purified by recrystallization from EtOH. 

Yield: 0.95 g (61%). 

R, 0.32 (8% MeOH/CHCl 3 ). ^ 

mp 159°-161° C. 

l H NMR (DMS0-d 6 ) 8 1.95 (s, 3H), 2.43 (s, 3H), 4.26 
(dd, J=5.7, 15.1 Hz, 1H), 4.35 (dd, J=5.7, 1.51 Hz, 1H), 5.09 
(d, J=9.1 Hz, 1H), 7.21-7.29 (m, 5H), 8.05 (s, 1H), 8.18 (d, 
J=9.1 Hz, 1H), 8.23 (t, J=5.7 Hz, 1H). 45 

13 C NMR (DMSO-d 6 ) 22.40, 4234, 43.92, 71.49, 126.62, 
127.12 (2 C), 128.12 (2 C), 139.14, 167.82, 170.28 ppm. 

IR (KBr) 3440 (br), 3300, 1640, 1530, 1460, 750, 700 
cm"’ 1 . 

Mass spectrum (FD) 252 (M + +l). 50 

Elemental analysis Calculated for C 12 H 17 N 3 0 3 5736% 

C; 6.82% H; 16.72% N. Found 57.65% C; 6.59% H; 16.66% 

N. 

EXAMPLE 64 55 

Synthesis of 2-Acetamido-N-benzyl-2-(N-(N,0- 
methylhydroxyamino))acetaraide. 

An MeOH solution (20 mL) of MeNHOMe (1739 mmol) 
(prepared from MeNHOMe.HCl (2.20 g, 23.02 mmol) and eo 
NaOMe (0.94 g, 17.39 mmol)) and 2-acetamido-2-(N,N,N- 
trimethylaramonium)acetamide tetrafluoroborate (2.10 g, 
5.97 mmol) gave a solid residue. Flash column chromatog- 
raphy of the solid on Si0 2 gel (2% MeOH/CHCl 3 ) yielded 
pure desired product. The product was re crystallized from 65 
EtOH. 

Yield: 130 g (82%). 


Rf0.39 (2% MeOH/CHCl 3 ). 

mp 165°-167° C. 

*H NMR (DMSO-dg) 8 1.93 (s, 3H), 2.43 (s, 3H), 332 (s, 
3H), 4.25 (dd, J=5.9, 149 Hz, 1H), 437 (dd, J=5.9, 14.9 Hz, 
1H), 5.19 (d, J=9.4 Hz, 1H), 7.21-7.35 (m, 5H), 831 (d, 
J=9.4 Hz, 1H), 8.56 (t, J=5.9 Hz, 1H). 

13 C NMR (DMSO-d^) 22.36, 39.68, 42.34, 59.16, 70.33, 
126.74, 127.41 (2 C), 128.21 (2 C), 139.30, 16738, 17030 
ppm. 

IR (KBr) 3300, 1640 (br), 1540 (br), 1460, 750, 700 cm' 1 . 

Mass spectrum (FD) 266 (M*+l). 

Elemental analysis Calculated for C 13 H 19 N 3 0 3 58.85% 
C; 7.22% H; 15.84% N. Found 59.05% C; 737% H; 15.75% 
N. 

EXAMPLE 65 

Synthesis of 2-Acetamido-N-benzyl-2-(N-isoxazolidino) 
acetamide. 

U sing 2-acetamido-2-(N,N,N-trimethy lammonium) 
acetamide tetrafluoroborate (1.60 g, 4.55 mmol), isoxazoli- 
dine (prepared from isoxazolidine hydrobromide (2.41 g, 
15.65 mmol) and NaOMe (0.70 g, 13.04 mmol)) gave the 
desired product. The product was recrystallized from 
chloroform/hexane to give a white amorphous solid. 

Yield: 0.80 g (64%). 

Rf 0.29 (4% MeOH/CHQ 3 ). 

mp 149°-151° C. 

l U NMR (DMSO-de) 8 1.91 (s, 3H), 2.05-2.20 (m, 2H), 
2.45-2.89 (m, 1H), 2.98-3.07 (m, 1H), 3.74-3.90 (m, 2H), 
4.25 (dd, J=6.1, 15.3 Hz, 1H), 4.35 (dd, J=6.1, 153 Hz, 1H), 
5.23 (d, J=9.2 Hz, 1H), 7.15-735 (m, 5H), 8.49 (d, J=9.2 
Hz, 1H), 8.56 (br s, 1H). 

13 C NMR (DMSO-de) 22.26, 28.26, 42.15, 48.94, 66.19, 
68.77, 126.64, 127.02 (2 C), 128.13 (2 C), 139.22, 167.43, 
170.27 ppm. 

IR (KBr) 3400 (br), 3300, 1650, 1530, 1470, 740, 700, 
610 cm" 1 . 

Mass Spectrum (FD) 278 (M*+l). 

Elemental analysis Calculated for C 14 H 19 N 3 0 3 60.64% 
C; 6.91% H; 15.15% N. Found 60.16% C; 7.04% H; 15.07% 
N. 

Preparation of Functionalized a-Heteroatom Substituted 
Amino Acids. 

General Procedure. 

2-Acetamido-N-benzyl-2-ethoxyacetamide (1 equiv) was 
suspended in E^O (100 mL/100 mmol), and then I^E^O 
(1.6— 2.4 equiv) was rapidly added and the resulting solution 
was stirred (10 min). The nucleophile (H 2 0 or EtSH) 
(1. 6-4.0 equiv) was then added and the reaction was stirred 
at room temperature (18-48 h). The reaction was then 
quenched by the addition of an aqueous NaHC0 3 (100 
mJL/10 ramol)/ice mixture. The experimental workup varied 
slightly for each compound and is described in the following 
examples along with the observed spectral properties. 

EXAMPLE 66 

Synthesis of 2-Acetamido-N-benzyl-2-hydroxyacetamide. 

Reacting 2-acetamido-N-benzyl-2-ethoxy acetamide (1.00 
g, 4.0 mmol), BFgE^O (0.91 g, 6.4 mmol) and H 2 0 (0.12 
g, 6.7 mmol) followed by aqueous NaHC0 3 workup gave an 
aqueous reaction mixture. The solution was then extracted 
with EtOAc (3x50 mL), and the combined EtOAc extracts 
were dried (NajSO^, and concentrated in vacuo. The resi- 
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due was purified by flash column chromatography on Si0 2 
gel (3% MeOH/CHCl 3 ) to give the desired product as a 
white solid. 

Yield: 0.30 g (34%). 

Rf 0.14 (3% MeOH/CHCl 3 ). 

mp 136°-138° C. 

*H NMR (DMSO-dg) 5 1.85 (s, 3H). 4.29 (d. J=5.9 Hz, 
2H), 5.48 (dd, J=5.5. 8.6 Hz, 1H). 6.47 (d, J=5.5 Hz. 1H). 
7.21-7.35 (m. 5H), 8.52 (t. J=5.9 Hz, 1H). 8.59 (d, J=8.6 Hz, 
1H). 

13 C NMR (DMSO-d 6 ) 22.66. 41.99, 71.42, 126.66, 
127.22 (2 C), 128.13 (2 C), 139.20, 169.47, 169.62 ppm. 

IR (KBr) 3300. 1620. 1530 (br), 1430 (br), 730, 690 cm" 1 . 

Mass spectrum, m/e (relative intensity) 223 (MP+l, 1), 
163 (11), 134 (9), 106 (46), 91 (100), 77 (22), 65 (38). 

Elemental analysis Calculated for C u H l4 N 2 0 3 59.45% 
C; 6.35% H; 12.61% N. Found 59.24% C; 6.36% H; 12.50% 
N. 

EXAMPLE 67 

Synthesis of 2-Acetamido-N-benzyl-2-(ethylmercapto) 
acetamido. 

Using 2-acetamido-N-benzyl-2-ethoxyacetamide (2.00 g, 
8.0 mmol), BFj.Et^O (2.72 g, 19.2 mmol) and EtSH (2.38 g, 
38.4 mmol) gave an aqueous reaction mixture. The solution 
was extracted with CHC1 3 (3x100 mL). The combined 
CHC1 3 layers were dried (NajSOJ, and then concentrated in 
vacuo to give the desired product as white solid 

Yield: 1.90 g (89%). 

0.60 (4% MeOH/CHCl 3 ). 

mp 148°-149° C. (mixed melting point with an authentic 
sample, of Example 61 was undepressed). 

EXAMPLE 68 

Synthesis of 2,2-Dicacetamido-N-benzylacetamide. 

Ac 2 0 (1 mL) was added to a solution of 2-acetamido-N- 
benzyl-2-aminoacetamide (1.10 g, 4.98 mmol) in dry pyri- 
dine (10 mL) and then CH 2 C1 2 (20 mL) was added The 
mixture was stirred at room temperature (4 h) and then the 
volatile materials were removed in vacuo. The residue was 
then treated with a saturated aqueous NaHC0 3 solution (50 
mL). The white solid that remained was the desired product 
and-was filtered, dried (Na 2 S0 4 ), and recrystallized from 
MeOH. 

Yield: 1,20 g (92%). 

mp 265°-267° C. (dec.). 

*H NMR (DMSO-dg) 5 1.84 (s, 6H), 4.26 (d, J=5.8 Hz, 
2H), 5.71 (t, J=7.6 Hz, 1H), 7.20-7.31 (m, 5H), 8.44 (d, 
J=7.6 Hz, 2H), 8.48 (t, J=5.8 Hz, 1H). 

13 C (DMSO-dg) 22.44 (2 C), 42.26, 56.99, 126.62, 127.02 
(2 C), 128.12 (2 C), 139.15, 168.19, 169.39 (2 C) ppm. 

IR (KBr) 3260, 1530. 1500, 740, 690 cur 1 . 

Mass spectrum (FD) 264 (M + +l). 

Elemental analysis Calculated for C l3 H 17 N 3 0 3 59.30% 
C; 6.51% H; 15.96% N. 59.16% C; 6.49% H; 15.86% N. 

EXAMPLE 69 

Synthesis of 2- A cetamido-N- benzyl- 2 - 

trifl uoroacetaraidoacetamide. 

Ice cold trifluoroacetic anhydride (8 mL) was added in 
one portion to ice cold 2-acetamido-N-benzyl-2- 
aminoacetamide (1.00 g, 4.53 mmol). The reaction was 
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accompanied by the evolution of heat. After stining (5 min), 
the volatile materials were removed in vacuo. The residue 
was treated with a saturated aqueous NaHC0 3 solution (20 
mL), and the solid that remained was filtered and washed 
5 with H 2 0 to give the desired product The product was 
recrystaflized from EtOH. 

Yield: 1.00 g (70%). 

Ry 0.34 (8% MeOH/CHCl 3 ). 

1Q mp 228°-230° C. 

‘H NMR (DMSO-d 6 ) 8 1.90 (s, 3H). 4.30 (d. J=5.1 Hz. 
2H), 5.85 (d. J=8.0 Hz, 1H). 7.21-7.35 (m, 5H). 8.64 (d, 
J=8.0 Hz. 1H), 8.75 (t, J=5.1 Hz. 1H), 10.04 (s, 1H). 

13 C NMR(DMSO-d 6 ) 22.52, 42.52, 57.42, 117.4 (q. JCF= 
is 288.3 Hz). 126.80, 127.16 (2 C), 128.21 (2 C), 138.93, 
156.14 (q, JCF=35.3 Hz), 166.3.9, 169.88 ppm. 

IR (KBr) 3300, 1720, 1660. 1520. 1380, 760, 700 cm" 1 . 

Mass spectrum (FD) 318 (M + +l). 

20 Elemental analysis Calculated for C 13 H 14 N 3 0 3 F 3 49.21% 
C; 4.45% H; 13.24% N. Found 49.48% C; 4.43% H; 13.10% 
N. 

EXAMPLE 70 

25 Synthesis of 2-Acetaraido-N-benzyl-2-(N,N,N- 
trimethylammonium)acetamide Tetrafluoroborate. 

A solution of 2-acetaraido-N-benzyl-2-(N,N- 
dimethylamino)acetamide (1.93 g, 7.76 mmol) in 
nitroraethane (7 mL) was added slowly to an ice cold 
30 solution of trimethyloxonium tetrafluoroborate (1.26 g. 8.54 
mmol) in nitroraethane (6 mL). The reaction mixture was 
stirred at this temperature (15 min) and then at room 
temperature (2 h). Anhydrous E^O (—50 mL) was added the 
reaction mixture and the white solid that separated was 
35 filtered, washed with E^O, and dried in vacuo. 

Yield: 1.95 g (72%). 

mp 171°-173° C. (dec.). 

‘H NMR (CDjNO^) 5 2.14 (s, 3H), 3.18 (s. 9H). 4.50 (d, 
40 J=5.8 Hz, 2H), 5.70 (d. J=9.3 Hz, 1H), 7.30-7.41 (m, 5H), 
7.57 (d, J=9.3 Hz, 1H), 7.70 (br s, 1H). 

IR (KBr) 3300, 1680 (br), 1530, 1490, 710 cm" 1 . 

Mass spectrum (FD) 264 (M*). 

Elemental analysis Calculated for C 14 H 22 N 3 0 2 BF 4 
45 47.89% C; 6.31% H; 11.97% N. Found 47.80% C; 6.33% H; 
12.00% N. 

EXAMPLE 71 

50 Synthesis of 2-Acetamido-N-benzyl-2-(ethylmercapto) 
acetamide-S-oxide . 

A solution of m-chloroperbenzoic acid (1.00 g (-65%), 
3.76 mmol) in CH 2 C1 2 (10 mL) was added dropwise into a 
stirred, cooled (-10° to -15° C.) CH 2 C1 2 solution (125 mL) 
55 of 2-acetamido-N-benzyl-2-(ethylmercapto) acetamide (1.00 
g, 3.76 mmol) under N 2 . The reaction was stirred (30 min) 
at this temperature and then, the m-chlorobenzoic acid was 
precipitated as its ammonium salt by passing NH 3 gas over 
the surface of the reaction solution. The excess NH 3 was 
gQ removed by passing N 2 gas through the solution (20 min) at 
room temperature. The ammonium salt was filtered, and the 
filtrate was concentrated in vacuo. The residue was purified 
by flash chromatography on Si0 2 gel (2% MeOH/CHCl 3 ) to 
give the desired product The product was recrystallized 
65 from chloroform/hexane as a white granular solid. 

Yield: 0.55 g (52%). 

RfO.23 (2% MeOH/CHCl 3 ). 



5,654,301 


53 

rap 135°-137° C. 

l H NMR (DMSO-d*) 8 1.15 (t, J=7.5 Hz, 3H). 1.99 (s, 

3H), 2.49-2.56 (m, 1H), 2.65-2.72 (m, 1H), 4.34 (d, J=5.7 
Hz, 2H), 5.55 (d, J=9.5 Hz, 1H), 7.23-7.34 (m, 5H), 8.74 (d, 
J=9.5 Hz, 1H), 8.77 (t, J=5.7 Hz, 1H). 5 

13 C NMR (DMSO-dg) 7.03, 22.34, 42.40, 42.47, 67.15, 
126.89, 127.27 (2 C), 128.24 (2 C), 138.55, 164.66, 170.18 
ppm. 

IR (KBr) 3300 (br), 1640 (br), 1510 (br), 1370, 1230, 1Q 
1100, 1020, 900 cm" 1 . 

Mass spectrum (FD) 283 (M + +l). 

Elemental analysis Calculated for C 13 H 18 N 2 0 3 S 55.30% 

C; 6.43% H; 9.92% N. Found 55.17% C; 638% H; 9.70% 

N. 15 

EXAMPLE 72 

Synthesis of 2-Acetamido«N«benzyl-2-(S-ethylmercapto) 
acetamide-S-oxide. 2Q 

A solution of NaI0 4 (1.77 g, 8.27 mmol) in H 2 0 (20 mL) 
was added dropwise into a stirred solution of 2-acetaraido- 
N-benzyl-2-(ethylmercapto)acetamide (2.00 g, 7.52 mmol) 
in MeOH (25 mL). A precipitate appeared rapidly. H 2 0 (-30 
mL) was added to the mixture to dissolve most of the 2 5 
suspension, and the reaction was stirred (4 h) at room 
temperature. The reaction was concentrated in vacuo and the 
remaining aqueous mixture was extracted with CHC1 3 
(3x100 mL). The combined CHC1 3 extracts were dried 
(Na 2 S0 4 ) and the solvent was removed in vacuo. The oily 30 
residue (1.95 g, 92%) solidified on drying in vacuo. NMR 
analysis (DMSO-d^) or the product showed that it was a 2:1 
mixture of the two diastereomers of the desired product. The 
reaction was recrystallized from EtOAc to give nearly pure 
diastereomer A (1*20 g) that was obtained from the 35 
m-chloroperbenzoic acid reaction. The EtOAc mother liquor 
was concentrated and the remaining residue (0.75 g) was 
recrystallized from ethyl acetate/hexane to give a diastereo- 
meric mixture (0.41 g) of the two diastereomers A and £ in 
a 2:3 ratio, respectively. 40 

Rf 0.60 (4% MeOH/CHCl 3 ). 
rap 135°-137° C. (softens at 117° C.). 

IR (KBr) 3300 (br), 1640 (br), 1510 (br), 1370, 1230, 
1100. 1020. 900 cm"*. 

Mass spectrum (PD) 283 (M + +l). 4 ' 

Elemental analysis: Calculated for C 13 H 18 N 2 0 3 S: 
55.30% C; 6.43% H; 9.92% N. Found: 55.58% C; 6.49% H; 
9.97% N. 

The following NMR spectral properties have been so 
assigned to compounds A a^d B. 

Diastereomer A. 

NMR (DMSO-d*) 6 1.16 (t, J=7.5 Hz, 3H), 2.00 (s, 
3H), 2.49-2.72 (m, 2H), 4.28^.39 (m, 2H), 5.56 (d, J=9.7 
Hz. 1H), 7.21-7.34 (m, 5H). 8.71-8.77 (m, 2H). 55 

13 C NMR (DMSO-dg) 7.10, 22.43. 42.48. 42.57, 67.23, 
126.98, 127.36 (2 C), 128.33 (2 C), 138.63, 164.73, 170.25 
ppm. 

Diastereomer B. 50 

a H NMR (DMSO-d*) 6 1.13 (t, J=7.6 Hz, 3H). 1.94 (s, 
3H), 2.49-2.72 (ra, 2H), 4.28-4.39 (m, 2H), 5.71 (d, J=9.9 
Hz, 1H), 7.21-7.34 (m, 5H), 8.83 (d, J=9.9 Hz, 1H), 8.98 (t, 
J=5.6 Hz, 1H). 

13 C NMR (DMSO-d 6 ) 6.47, 22.43, 41.53, 42.55, 67.90, 65 
126.98, 127.36 (2 C), 128.33 (2 C), 13839, 164.43, 169.82 
ppm. 
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EXAMPLE 73 

Synthesis of 2-Acetamido-N-benzyl-2-(ethanesulfonyl) 
acetamide. 

An aqueous solution (20 mL) of NaI0 4 (3.00 g, 14.02 
mmol) was added to a MeOH solution (20 mL) of 
2-acetamido-N-benzyl-2-(ethylmercapto)acetaraide (0.95 g, 

3.57 mmol). The initial homogeneous solution rapidly 
became turbid. H 2 0 (-10 mL) was then added dropwise 
until the system became homogeneous. The solution was 
stirred (18 h) at 50°-60° C. MeOH (50 mL) was added to the 
reaction solution and the precipitated salt was filtered and 
washed with MeOH (10 mL). The filtrate was concentrated 
and the remaining solution was extracted with CHC1 3 (3x50 
mL). The combined CHC1 3 extracts were dried (Na 2 S0 4 ), 
and concentrated in vacuo. Time residue was purified by 
flash chromatography on Si0 2 gel (1% MeOH/CHCl 3 ) to 
give the desired product. The product was further purified by 
recrystallization from EtOH:. 

Yield: 0.34 g (32%). 

Rj. 0.34 (3% MeOH/CHCl 3 ). 

mp 161°-163° C. 

X H NMR (DMSO-d*) 5 1.22 (t, J=7.4 Hz, 3H), 1.99 (s, 
3H), 3.04-3.24 (m, 2H), 4.31 (dd, J=5.7, 15.3 Hz, 1H), 4.41 
(dd, J=5.7, 153 Hz, 1H), 5.93 (d, J=9.8 Hz, 1H), 7.22-735 
(m, 5H), 9.13 (t, J=5.7 Hz, 1H), 9.17 (d, J=9.8 Hz, 1H). 

13 C NMR (DMSO-cU 5.72, 22.27, 42.63, 45.43, 69.14, 
127.02, 127.28 (2 C), 128.33 (2 C), 138.16, 161.88, 169.83 
ppm. 

IR (KBr) 3300, 2940, 1660, 1520, 1310, 1230, 1120, 900 
cm" 1 . 

Mass spectrum (FD) 298 (M*). 

Elemental analysis Calculated for C 13 H 18 N 2 0 4 S 5233% 
C; 6.08% H; 939% N. Found 52.52% C; 6.06% H; 9.53% 
N. 

EXAMPLE 74 

Synthesis of 2-Acetamido-N-benzyl-2-(N,N,N- 
trimethylammonium)acetamide Tetrafluoroborate. 

A solution or 2-acetamido-N-benzyl-2-(N,N- 
dimethylamino)acetamide (1.93 g, 7.76 mmol) in 
nitromethane (7 mL) was added slowly to an ice cold 
solution of trimethyloxonium tetrafluoroborate (1.26 g, 8.54 
mmol) in nitromethane (6 mL). The reaction mixture was 
stirred at this temperature (15 min) and then at room 
temperature (2 h). Anhydrous E^O (-50 mL) was added to 
the reaction mixture and the white solid that separated was 
filtered, washed with EtjO, and dried in vacuo. 

Yield: 1.95 g (72%). 

rap 171°-173° C. (dec.). 

J H NMR (CD 3 N02) 8 2.14 (s, 3H), 3.18 (s, 9H), 4.50 (d, 
J=5.8 Hz, 2H), 5.70 (d, J=9.3 Hz, 1H), 730-7.41 (m, 5H), 

7.57 (d, J=93 Hz, 1H), 7.70 (br s, 1H). 

IR (KBr) 3300, 1680 (br), 1530, 1490, 710 cm" 1 . 

Mass spectrum (FD) 264 (M*). 

Elemental analysis 

Calculated for C l4 H 22 N 3 02BF 4 47.89% C; 631% H; 
11.97% N. Found 47.80% C; 633% H; 12.00% N. 

EXAMPLE 75 

Synthesis of 2-Acetamido-N-benzyl-2-( 1-pyrrole) 
acetamide. 

A solution 2-acetamido-N-benzyl-2-bromoacetamide 
(prepared from 2-acetamido-N-benzyl-2-ethoxyacetamide 
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(2.00 g, 8.0 mmol) and BBr 3 (1M CH 2 C1 2 solution, 8.8 mL, 

8.8 mmol)) was prepared in THF (225 mL) and cooled to 
-78° C. It was then added under N 2 gas atmosphere to a 
cooled (-78° C.) suspension of potassium pyrrole (2.71 g, 

25.8 mmol) in THF (25 mL). The reaction mixture was 
stirred at -78° C. (1 h) and then at room temperature (1 h). 
H was then treated with water (10 mL) and acidified with 5% 
citric acid to pH 4.0 after which it was made basic with 
aqueous saturated Na 2 C0 3 solution. The aqueous mixture 
was extracted with EtOAc (2x250 mL) and the organic 
layers were dried (NajSC^). The volatile materials were 
removed in vacuo and the residue was purified by flash 
column chromatography on silica gel using 3% MeOH/ 
CHC1 3 as the eluant to give 0.4 g (18%) of the desired 
product, It was purified by recrystallization from EtOH: mp 
182°-184° C.; R, 0.44 (4% MeOH/CHCl 3 ); *H NMR 
(DMSO-d*) 5 1.91 (s, COCH 3 ), 4.30 (d, J=5.5 Hz, CH 2 ), 
6.01 (s, 2xC 3 H), 6.38 (d, J=8.7 Hz, CH), 6.85 (s, 2xC 2 H), 

7.11- 7.35 (m, 5PhH), 8.96 (t, J=5.5 Hz, NH), 9.14 (d, J=8.7 
Hz. NH); 13 C NMR (DMSO-d^) 22.22 (COCH 3 ). 42.15 
(CH 2 ), 62.86 (CH). 107.79 (2C 3 ). 119.19 (2C 2 ), 126.76 
(C 4 .), 127.01 (2C 2 . or 2C 3 .). 128.11 (2C 2 . or 2C 3 .), 138.34 
(C r ). 166.37 (CONH). 169.41 (COCH 3 ) ppm; mass 
spectrum, m/e (relative intensity) 272 (M + +l, 22), 271 (M + , 
100 ). 

Anal. Calcd for C 15 H l7 N 3 O 2 .0.2 H 2 0: C. 65.53; H. 6.37; 
N. 15.28. Found: C, 65.80; H, 6.22; N, 15.13. 

EXAMPLE 76 

Synthesis of 2-Acetamido-N-benzyl-2-(l -imidazole) 
acetamide. 

Making use of the experimental procedure described in 
the above experiment, 2-acetamido*N-benzyl-2- 
ethoxyacetamide (2.00 g, 8.0 mmol), BBr 3 (1M CH 2 C1 2 
solution. 8.8 mL, 8.8 mmol), Et3N (1.62 g, 1.60 mmol), and 
imidazole (0.60 g, 8.8 mmol) gave 0.60 g (30%) of the 
desired product It was recrystallized from ethyl acetate/ 
hexane as a beige colored solid: mp 146°-148° C.; Ity). (7% 
MeOH/CHCl 3 ); l R NMR (DMSO-d 6 ) 6 1.85 (s, COCH 3 ), 
4.30 (br s. CH 2 ), 6.53 (d, J=8.0 Hz, CH), 6.89 (s, C 5 H), 

7.12- 7.33 (ra, C 4 H, 5PhH), 7.69 (s, C 2 H), 9.06 (br s, NH), 
9.29 (d, J=8.0 Hz, NH); 13 C NMR (DMSO-d 6 ) 22.28 
(COCH 3 ), 42.36 (CHj), 61.18 (CH), 117.56 (C 5 ), 126.92 
(C 4 .), 127.16 (2C 2 . or 2C 3 .), 128.19 (C 4 ), 128.26 (2C 2 , or 
2C 3 ,). 136.21 (Qz). 138.27 (C r ), 165.72 (CONH), 169.77 
(COCH 3 ) ppm; mass spectrum, FD (relative intensity) 274 
(M++2, 12), 273 (M*+l, 77), 272 (100), 205 (34), 274 (18). 

Anal. Calcd for C l4 H 16 N 4 0 2 : C, 61.75; H, 5.92; N, 20.57. 
Found: C, 61.95; H, 6.09; N, 20.32. 

EXAMPLE 77 

Synthesis of 2-Acetamido-N-benzyl-2-(l-pyrazole) 
acetamide. 

A solution of 2-acetamido-N-benzyl-2-bromoacetamide 
(prepared from 2-acetaraido-N-benzyl-2-ethoxyacetamide 
(3.60 g, 14.4 mmol) and BBr 3 (1M CH 2 C1 2 solution, 15.8 
mL, 15.8 mmol)) was prepared in THF (250 mL) and cooled 
to -78° C. A solution of triethylamine (2.91 g, 28.8 mmol) 
in THF (20 mL) was then added to the above solution. This 
was followed by the addition of THF (30 mL) solution of 
pyrazole (1.17 g, 17.28 mmol) and the mixture thus obtained 
was stirred at -78° C. (30 min) and room temperature (1 h). 
The insoluble materials were filtered and the solvents 
removed from the filtrate in vacuo. The residue was then 
purified by flash column chromatography on silica gel using 
4% MeOH/CHCl 3 as the eluant to give 0.80 g (22%) of the 
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desired product It was then recrystallized from EtOAc as a 
white solid: mp 158°-160° C.; Rlo.51 (6% MeOH/CHCl 3 ); 
*H NMR (DMSO-d 6 ) 6 1.93 (s, COCH 3 ). 4.29 (d. J=5.8 Hz, 
NH), 6.26 (s. C 4 H), 6.57 (d, J=8.8 Hz, CH), 7.15-7.33 (m, 
5 5PhH). 7.48 (br s, C 5 H), 7.76 (br s, C 3 H). 8.96 (t. J=5.8 Hz. 
NH). 9.23 (d, J=8.8 Hz, NH); 13 C NMR (DMSO-d 6 ) 22.41 
(COCH 3 ). 42.40 (CH 2 ), 65.51 (CH), 105.37 (C 4 ). 126.87 
(C 4 .). 127.14 (2C 2 . or 2C 3 .), 128.25 (2C 2 . or 2C 3 .). 129.00 
(C s ), 138.59 (C 3 ), 139.17 (C,.). 165.68 (CONH), 169.81 
10 (COCH 3 ) ppm; mass spectrum, m/e (relative intensity) 273 
(M-+1. 11). 272 (M + , 2), 139 (83), 138 (100), 92 (37). 

Anal. Calcd for C, 4 H 16 N 4 0 2 : C, 61.75; H, 5.92; N, 20.57. 
Found: C. 61.95; H, 5.96; N. 20.28. 

15 EXAMPLE 78 

Synthesis of 2-Acetaraido-N-benzyl-2-(l-(l ,2,4-triazole)) 
acetamide. 

Using 2-acetamido-N-benzyl-2-ethoxyacetamide (4.00 g, 
20 16.0 mmol), BBr 3 (1M CH 2 C1 2 solution, 17.6 mL, 17.6 
mmol), E^N (4.85 g. 48.0 mmol), and 1,2,4-triazole (1.43 g, 

20.8 mmol), 1.20 g (28%) of the desired product was 
obtained. It was recrystallized from EtOAc as an amorphous 
white solid: mp 146°-148° C.; R^ 0.48 (6% MeOH/CHCl 3 ); 
25 *H NMR (DMSO-d 6 ) 5 1.85 (s, COCH 3 ), 4.32 (br s. CH 2 ), 
6.70 (d, J=7.8 Hz. CH), 7.21-7.29 (m, 5PhH), 8.01 (s, C 3 H), 
8.57 (s. C 3 H), 9.04 (br s. NH). 9.39 (d. J=7.8 Hz, NH); 13 C 
NMR (DMSO-d 6 ) 22.39 (COCH 3 ), 42.59 (CHj), 65.02 
(CH), 126.97 (C 4 .). 127.25 (2C 2 . or 2C 3 .), 128.32 (2C 2 . or 
30 2C 3 ), 138.47 (C,.), 143.93 (C s ), 151.50 (C 3 ), 164.77 
(CONH), 170.23 (COCH 3 ) ppm; mass spectrum, FD 
(relative intensity) 275 (M + +2, 12), 274 (*T+1. 100), 273 
(11), 205 (19), 204 (13), 140 (67), 139 (31). 

Anal. Calcd for C, 3 H is N s 0 2 : C, 57.13; H, 5.53;N, 25.63. 
35 Found: C, 57.37; H, 5.66; N, 25.38. 

EXAMPLE 79 

Synthesis of 2-Acetamido-N-benzyl-2-(l-tetrazole)) 

acetamide. 

40 

Making use of 2-acetamido-N-benzyl-2-ethoxyacetamide 
(3.00 g, 12.0 mmol) 4 BBr 3 (1M CH 2 Q 2 solution, 13.2 mL, 
13.2 mmol), EtgN (2.42 g, 24.0 mmol), and tetrazole (1.10 
g, 15.6 mmol), 0.90 g (27%) of the desired product was 
obtained as a white solid. It was recrystallized from EtOH: 
mp 169°- 171° C; R, 0.22 (4% MeOH/CHCl 3 ); *H NMR 
(DMSO-d 6 ) 5 1.97 (s, COCH 3 ), 4.25-4.40 (m, CH^, 7.05 
(d, J=8.4 Hz, CH), 7.21-7.38 (m, 5PhH), 9.23 (t, J=5.5 Hz, 
NH), 9.44 (s, C 5 H), 9.69 (d, J=8.4 Hz, NH); 13 C NMR 
(DMSO-d 6 ) 22.38 (COCH 3 ), 42.78 (CH 2 ), 63.62 (CH), 
127.10 (C 4 .). 127.39 (2C 2 . or 2C 3 .), 128.38 (2C 2 . or 2C 3 .), 
138.26 (C r ). 143.67 (C 5 ), 163.88 (CONH), 170.62 
(COCH 3 ), ppm; mass spectrum, FD (relative intensity) 275 
(MT 79), 273 (14), 206 (100), 205 (50). 

55 Anal. Calcd for QH^Oj: C, 52.55; H, 5.15; N, 30.64. 
Found: C, 52.75; H, 5.33; N ? 30.64. 

EXAMPLE 80 

Preparation of a-acetamido-N-benzyl-2-pyridylacetamide 
60 and 2-acetamido-N-benzyl-2-(2'-pyridone)acetamide. 
Preparation of 2-ace tamido-2-bromo-N-benzylacetamide. 

A solution of 2-acetaraido-2-ethoxy-N-benzylacetamide 
(2.00 g, 8 mmol) in dry CH 2 Cl2 (200 raL) was stirred at 
room temperature as a solution of BBr 3 (8.8 mL, 8.8 mmol, 
65 1.0M in CH 2 C1 2 ) was introduced by means of a syringe 
under a nitrogen atmosphere. A while mist formed and alter 
it disappeared, the N 2 line was removed and the reaction 
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sealed. The resulting yellow solution was stirred (3.5 h) and 
then concentrated in vacuo to give yellow crystals of 
ct-acetamido-2-bromo-N-benzyl acetamido which was 
stored under vacuum overnight 

Preparation of 2-pyridyllithium. 5 

The generation of 2-pyridyllithium in situ was run under 
nitrogen. A solution of n-butyllithium (7.2 mL, 2.5M solu- 
tion in hexane, 18 mmol) was added to dry ether (60 mL), 
cooled to -20° G, and stirred as 2-broraopyridine (1.6 mL, 

17 mmol) in dry ether (15 mL,) was added dropwise (15 io 
min). The resulting blood red solution was stirred at -20° C. 
for an additional 5 minutes and then transferred through a 
doubled-ended needle under a stream of nitrogen to an 
addition funnel where it was cooled to -78° C. 

Preparation of a-acetamido-N-benzyl-2-pyridylacetamide is 
and 2-acetamido-N-benzyl-2-(2'-pyridone)acetamide. 

The cooled 2-pyridyllithium solution was added dropwise 
(approximately 2 drops per second) to the solution of 
2-acetamido-2-bromo-N-benzylacetamide in dry THF (200 
mL) and maintained at -78° C. The reaction mixture was 20 
stirred for an additional 30-45 minutes at -78° C. The 
reaction was quenched with saturated aqueous solution of 
NH 4 C1 (40 mL) at -78° C. producing a heterogenous 
mixture Na 2 C0 3 was added dropwise until the precipitate 
dissolved. The organic layer was separated and then the 25 
aqueous layer was extracted with ether (2x50 mL). The 
combined organic layers were dried (Na 2 S0 4 ), concentrated 
under vacuum and separated using flash chromatography on 
silica gel with ethyl acetate as the eluent The fractions 
containing the products were concentrated under vacuum, 30 
separated and then further purified by column chromatog- 
raphy on alumina (80-200 mesh. Grade 1, Fisher) employ- 
ing ethyl acetate as the solvent. Fractions containing 
a-acetamido-N-benzyl-2-pyridylacetamide was concen- 
trated to dryness and gave a white amorphous solid (250 mg, 35 
11% yield); R^0.39 (5% CH 3 0H/CHC1 3 ); mp 146°-147° 

G; IR (KBr) 3290, 3180, 3020, 1620 br, 1580, 1520 br, 
1480, 1420, 1370, 1310, 1260 cm- 1 ; A H NMR (300 MHz, 
DMSO-d 6 ) 8 1.96 (s, 3H), 4.28 (d, J=5.8 Hz, 2H), 5.59 (d, 
J=8.0 Hz, 1H), 7.18-7.30 (m, 5H), 7.32 (dd, J=7.7, 5.2 Hz, 40 
1H), 7.47 (d, J=7.7 Hz, 1H), 7.80 (dt, J=7.7, 1.5 Hz, 1H), 
8.55 (m, 2H), 8.78 (br t, J=5.8 Hz, 1H); 13 C NMR (75 MHz, 
DMSO-dg) 22.5, 42.1, 58.3, 121.7, 122.8, 126.6, 126.9 (2C), 
128.1 (2C), 136.8, 139.1, 148.6, 157.2, 169.0, 169.2 ppm; 

FD (Lilly) mass spectrum, m/e (relative intensity) 284 45 
(M++1, 6), 283 (\T\ 0.8), 151 (8), 150 (100), 141 (4). 
C X 6HnN 3 0 2 

Anal. Calcd for C 67.83, H, 6.05, N, 14.83 

Found: C, 68.11, H, 6.00, N, 14.89. 

Fractions containing 2-acetamido-N-benzyl-2-(2'- 50 
pyridone)acetaraide were combined, concentrated in vacuo 
and yielded a white amorphous solid: (150 mg, 6% yield). R^ 
0.34 (5% CH 3 0H/CHC1 3 ); mp 226 decomposed 
(recrystallized in ethanol) X H NMR (300 MHx, DMSO-dg) 

6 1.94 s, 4.26 (dd, J=15.2, 5.7 Hz. 1H), 4.33 (dd, J=15.2, 6.1 55 
Hz, 1H),6.26 (br t, J=6.8 Hz, 1H), 6.37 (br d, J=9.1 Hz, 1H), 
6.69 (d, J=8.7 Hz, 1H), 7.22-7.33 (m. 5H), 7.42 (ddd, J=9.1, 
6.8. 1.6 Hz, 1H). 7.58 (dd, J=6.8, 1.6 Hz, 1H), 8.93 (br t, 
J=5.8 Hz, 1H), 9.20 (d, J=8.7 Hz, 1H); 13 C NMR (75 MHz, 
DMSO-d*) 22.5, 42.5, 62.5, 105.1, 119.4, 126.80, 127.10 60 
(2C), 128.2 (2C), 135.6, 138.8, 140.2. 161.2, 166.0, 170.0 
ppm. Hydrogen and carbon assignments were verified with 
l H- l H COSY, a H- 13 C-COSY, zero quantum NMR experi- 
ments. The structure was confirmed by X-ray crystallogra- 
phy. 65 

Preparation of authentic 2-acetamido-N-benzyl-2-(2'- 
pyridone)acetamide. 


The generation of 2-hydroxypyridylsodium in situ was 
done under anhydrous conditions. A solution of 
2-hydroxypyridine (1.57 g, 16 mmol, vacuum dried, 97% 
Aldrich) in dry THF (200 mL) was stirred and cooled to 0° 
C. and then NaH (0.77 g, 60% in mineral oil, 19.2 mmol) 
was added in one portion leading to the evolution of H 2 and 
the generation of a heterogeneous mixture. A solution of 
2-acetamido-2-bromo-N-benzylacetamide (8 mmol based 
on 2-acetamido-2-ethoxy-N-benzylacetamide) in dry THF 
(160 mL) was then transferred through a double-ended 
needle by means of a stream of nitrogen. The resulting 
mixture was quenched with saturated aqueous solution of 
NH 4 C1 (50 mL) at 0° C. producing a white precipitate. A 
saturated aqueous solution Na^C^ was added dropwise 
while stirring at 0° C. until all of the white precipitate 
dissolved. The two layers were separated while cold and 
then the aqueous fraction was extracted with THF (2x100 
mL). The combined organic layers were dried (Na^C^), and 
concentrated to dryness. The crude reaction mixture residue 
was dissolved in a minimum of CHC1 3 and was flash 
chromatographed on a silica gel column using ethyl acetate 
as the eluent and gave a white amorphous solid (1.10 g, 46% 
yield) which was identical to properties previously observed 
for 2-acetamido-N-benzyl-2-(2 , -pyridone)acetamide: R^ 
0.34 (5% CH 3 0H/CHC1 3 ); mp 162°-163.5° C. 
(recrystallized in ethyl acetate); IR (KBr) 3300, 3280, 3260, 
3080, 1690, 1680, 1650 br, 1580, 1570, 1520, 1490, 1140 
cm" 1 ; *H NMR (300 MHz, DMSO-d 6 ) 5 1.96 (s. 3H), 4.27 
(dd, J=15.3, 5.8 Hz, 1H), 4.36 (dd. J=15.3, 6.2 Hz, 1H), 6.27 
(dr, J=6.8, 1.1 Hz, 1H). 6.39 (bd, J=8.9 Hz, 1H), 6.71 (d, 
J=8.7 Hz. 1H), 7.22-7.34 (m, 5H), 7.43 (ddd, J=8.9. 6.8, 1.9 
Hz, 1H), 7.59 (dd, J=6.8, 1.9 Hz, 1H), 8.93 (br t, J=5.9 Hz, 
1H), 9.20 (d, J=8.7 Hz. 1H); 13 C NMR (75 MHz, DMSO-d*) 
22.4,42.5.62.5. 105.1, 119.4, 126.8, 127.1 (2C), 128.2 (2C). 
135.6. 138.8, 140.1, 161.1, 166.0, 169.9 ppm; FD (Lilly) 
mass spectrum m/e (relative intensity) 598 (2M, 2), 300 
(M*+l, 17), 299 (M*, 100), 96 (2), 95 (26). C 16 H 17 N 3 0 3 . 
Anal. Calcd for C, 64.20, H 5.73, N 14.04. 

EXAMPLE 81 

a-acetamido-N-benzyl-2-pyridyl acetamide N- oxide 

To a cooled solution of 2-a-acetamido-N-benzyl-2- 
pyridylacetamide dissolved in dry THF is added 
m-perchloroperbenzoic add to give the resulting product 
Similarly, using the procedure described hereinabove, the 
following examples are prepared. 
2-acetamido-N-benzyl-2-(3-pyridyl)acetamide and the 
N-oxide thereof, 

2-acetamido-N-benzyl-2-(4-pyridyl)acetamide and the 
N-oxide thereof, 

2-acetamido-N-benzyl-2-(2-pyrimidinyl)acetamide and the 
N-oxide thereof 

2-acetamid0“N-benzyl-2-(4-pyrimidinyl)acetamide and the 
N-oxide thereof, 

2-acetamido-N-benzyl-2-(5-pyximidinyl)acetamide and the 
N-oxide thereof, 

2-acetamido-N-benzyl-2-(3-pyridazinyl)acetamide and the 
N-oxide thereof, 

2-acetamido-N-benzyl-2-(4-pyridazinyl)acetamide and the 
N-oxide thereof, 

2-acetamido-N-benzyl-2-(4-pyrazinyl)acetaraide and the 
N-oxide thereof, 

2-acetamido-N-benzyl-2-(2-thiazolyl)acetamide, 

2-acetamido-N-benzyl-2-(2-oxazolyl)acetamide, 

2-acetamido-N-benzyl-2-(3-isoxazolyl)acetaraide, 

2-acetaraido-N-benzyl-2-(5-isoxatolyl)acetamide, 
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2-acetamido-N-benzyl-2-(3-isothiazolyl)acetaraide, and 
2-acetamido-N-benzyl-2-(5-isothiazolyl)acetamide. 

General Procedure. 

2-Acetaraido-N-benzyl-2-ethoxyacetamide (1 equiv.) was 
suspended in anhydrous ethyl ether, and then boron trifluo- 
ride etherate (1. 6-6.3 equiv.) was rapidly added and the 
resulting solution was stirred for 15 rain. The aromatic 
substrate (1.6-16 equiv.) was then added and the reaction 
was stirred at room temperature (1-7 days). 

EXAMPLE 82 

a-Acetamido-N-benzyl-2-(S-thiophenoxy)-acetamide (II). 

The reaction mixture was treated with an aqueous satu- 
rated NaHC0 3 solution and the white insoluble solid was 
filtered and then washed successively with H 2 0 and hex- 
anes. The desired product was purified by recrystallization 
from chloroform hexanes to give II in 94% yield: 0.43 

(97:3 chloroforra/methanol): ra.p. 165°-167°: i.r. (KBr) 
3280, 1630 (br), 1520 (br), 1430, 1365, 1280, 1245, 1180 
cm* 1 ; a H n.imr. (DMSO-d 6 ) 81.83 (s, CH 3 CO). 4.22-4.36 
(m. CH 2 ). 5.90 (d, J=9.0 Hz, NH), 8,84 (t, J=5.4 Hz, NH); 
13 C n.m.r. (DMSO-cy 22.34 (CH 3 CO), 42.25 (CH 2 ), 57.65 
(CH). 126.86 (CV), 127.20 (2C 2 ‘) 123.73 (C 4 ‘). 128.28 (2C 2 ‘ 
or 2C 3 ’)» 128.88 (2C 2 ’ or 2C 3 '), 132.36 (2C 3 ’), 132.51 (CY), 
138.76 (C/). 167.09 (CONH) 168.97 (CH 3 CO)ppm; mass 
spectrum, m/e (relative intensity) 315 (M+1,1), 205 (17), 
163 (40), 138 (8). 110 (90), 109 (29), 106 (96), 93 (35), 91 
( 100 ). 

Anal. calc, for C 17 H i8 N 2 0 2 S: C 64.94, H 5.77. Found: C 
65.27. H 5.54. 

EXAMPLE 83 

Synthesis of a-Acetamido-N-benzyl-2-(tetrahydrofuran) 
acetamide (3). 

Amethanolic solution (70 mL) of a-acetamido-N-benzyl- 
2-furanacetamide (3.50 g, 12.85 mmol) was hydrogenated 
(35-40 psi) in the presence of Pd/C (10%, 0.44 g) (44 h). 
The catalyst was filtered through celite, washed with MeOH 
(10 mL) and the filtrate concentrated to dryness in vacuo to 
give 3a and 3b (3.50 g) as a white solid. The products were 
fractionally recrystallized from EtOAc to give 1.30 g (37%) 
of 3a: mp 159°-161° C.; 0.38 (6% MeOH/CHCl 3 ); IR 

(KBr) 3340 (br), 3000, 1600, 1550 (br), 1420, 1350, 720, 
680 cm"*; *H NMR (DMSO-d s ) 8 1.66-1.90 (m. C 3 H 2 , 
C 4 H 2 ), 1.85 (C(0)CH 3 ), 3.62-3.68 (m. C S HH’), 3.75-3.80 
(m. C 5 HH'), 3.98-4.00 (m, C 2 H), 4.26-4.38 (m, CH, CH 2 ), 
7.18-7.32 (m. 5 PhH), 8.11 (d, J=8.8 Hz, NH), 8.52 (t, J=5.8 
Hz. NH); 13 C NMR (DMSO-d s ) 22.52 (C(0)CH 3 ), 24.78 
(C 3 ). 27.82 (C 4 ). 41.96 (CHj), 55.67 (CH), 67.54 (C 5 ), 78.48 
(C 2 ), 126.58 (C 4 ’), 127.97 (2C 2 ' or 2C 3 ’), 128.12 (2C 2 ' or 
2C 3 ’). 139.27 (C,'), 169.09 (C(O)NH), 170.09 (C(0)CH 3 ) 
ppm; mass spectrum m/e (relative intensity) 277 (M^+l, 4), 
206 (52). 142 (13), 106 (38), 91 (100), 71 (97). Anal. 
(C 15 H 20 N 2 0 3 ) C, H, N. 

The remaining EtOAc mother liquor after recrystalliza- 
tion was concentrated to half its volume and hexane was 
added dropwise while heating until the solution became 
turbid. A white solid (0.65 g. 18%) separated on cooling and 
was collected by nitration to give diastereoisomer 3b: mp 
130°-132° G; R, 0.38 (6% MeOH/CHCl 3 ); *H NMR 
(DMSO-d*) 8 1.55-1.86 (m, C 3 H 2 , C 4 Hj). 1.89 C(0)CH 3 ), 
3.55-3.64 (m. C S HH’), 3.70-3.78 (m, C 3 HH'). (s, 4.08^1.11 
(ra. C 2 H). 4.27 (d, J=5.8 Hz. CHj), 4.36 (dd, J=4.7, 8.6 Hz, 
CH), 7.21-7.32 (m. 5 PhH), 7.94 (d, J=8.6 Hz, NH). 8.39 (t, 
J=5.8 Hz. NH); 13 C NMR (DMSO-d*) 22.45 (C(0)CH 3 ), 
25.16 (C 4 ), 27.53 (C 3 ), 42.04 (CH 2 ), 55.48 (CH), 67.53 (C 5 ), 
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78.26 (Q>), 126.59 (C 4 ’), 127.04 (2C 2 * or 2C 3 '), 128.10 (2C 2 ' 
or2CV), 139.21 (Q’), 169.55 (C(O)NH), 169.79 (C(0)CH 3 ) 
ppm; mass spectrum m/e (relative intensity) 277 (M*+l, 4), 
206 (50), 142 (23). 106 (39), 1 (100), 71 (96). Anal. 

5 (C 15 H 2t> N 2 0 3 ) C, H, N. 

EXAMPLE 84 

Synthesis of Methyl a-Acetamido-2-methyl-2-furanacetate 
(17). HBr was bubbled (2.5 min) through a CDC1 3 solution 
10 (25 mL) of 15 (3.80 g, 26.6 mmol). The excess HBr and 
CDC1 3 were removed by evaporating the solution with a 
continuous stream of Ar (20-30 min). The light yellow oily 
residue that remained containing 16 was dissolved in THF 
(100 mL), and then furan (32.76 g, 482.0 mmol) and ZnCl 2 
15 (1M in ether, 53.0 mL, 53.0 mmol) were added. The reaction 
was stirred at room temperature (3.5 h) and then treated with 
H 2 0 (50 mL). The aqueous mixture was extracted with 
EtOAc (3x100 mL), and the combined extracts were dried 
(Na 2 S0 4 ). The volatile materials were removed by distilla- 
20 tion in vacuo to give 5.00 g (89%) of 17: R^ 0.35 (50%, 
EtOAc/CHCl 3 ); NMR (CDC1 3 ) 6 1.94 (s, CH 3 ), 1.99 (s, 
C(0)CH 3 ), 3.74 (s, C(0)OCH 3 ), 6.36 (br s, C 3 H, C 4 H). 6.83 
(s, NH), 7.35 (s, C 5 H); 13 C NMR (CDC1 3 ) 21.43 (CH 3 ), 

23.26 (C(0)CH 3 ). 53.03 (C(0)OCH 3 ). 58.36 (C(0H 3 )), 
25 107.39 (C 4 ), 110.52 (G>). 142.10 (C 5 ), 152.03 (C 2 ), 169.21 

(C(0)CH 3 ), 171.34 (C(0)OCH 3 ) ppm. 

oo 15 

II II 

30 CH 3 CNH — C— COCH 3 

ch 2 

O Br O 16 

II I II 

CH 3 CNH— C— COCH 3 
35 I 

CH 3 


EXAMPLE 85 

Synthesis of a-Acetamido-2-methyl-2-furanacetic Acid 
40 (18). 

A95% EtOH solution (150 mL) of 17 (5.00 g, 23.6 mmol) 
and KOH (3.00 g, 53.5 mmol) was stirred at room tempera- 
ture (48 h). The solvent was removed and the residue was 
45 dissolved in H 2 0 (50 mL). The aqueous solution was 
washed with E^O (3x50 mL) and then acidified to pH 1.5 
with 10% H 3 P0 4 . The acidified solution was extracted with 
EtOAc (3x200 mL) and the combined extracts were dried 
(Na 2 S0 4 ). and concentrated in vacuo to give 2.90 g (62%) 
50 of 18: mp 178°-180° C. (d) (recrystallized from CH 3 CN); 
IR (KBr) 3400 (br), 1700 (br) cm” 1 ; l U NMR (DMS0-d 6 ) 
8 1.67 (s, CH 3 ), 1.83 (s. C(0)CH 3 ), 6.39 (m, C 3 H, C 4 H), 
7.59 (s, C 5 H), 8.34 (s, NH), 12.63 (s, C(O)OH); 13 C NMR 
(DMSO-d 6 ) 22.20 (C(0)CH 3 ), 22.59 (CH 3 ), 57.65 (C(CH 3 ) 
55 ), 107.09 (C 4 ), 110.49 (C 3 ), 142.33 (C s ), 153.36 (C^, 168.86 
(C(O)NH), 171.78 (C(O)OH) ppm; mass spectrum, m/e 
(relative intensity) 198 (M++1, 4), 143 (97), 152 (63), 140 
(23), 111 (73), 110 (100), 94 (24). Anal. (Cy^NC^) C, H, 
N. 

60 EXAMPLE 86 

Synthesis of a-Acetamido-N-benzyl-2-methyl-2- 
furanacetamide (4). 

Employing the mixed carbonic anhydride coupling pro- 
65 cedure with 18 (2.40 g, 12.2 mmol), 4-methylmoipholine 
(1.23 g, 12.2 raraol), isobutylchloroformate (1.83 g, 13.4 
mmol), and benzylaraine (1.43 g, 12.7 mmol) gave 4 (1.50 
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g. 43%) as a thick oil: R^O.29 (2% MeOH/CHCl 3 ); *H NMR 
(CDC1 3 ) 8 1.94 (s. CH 3 ). 1.98 (s. C(0)CH 3 ). 4.40 (d, J=5.6 
Hz. CHj), 6.20 (br s. NH). 6.34-6.37 (m. C 3 H, C 4 H), 
7.05-7.36 (m. NH. C S H, 5 PhH); 13 C NMR (CDC1 3 ) 22.31 
(C(0)CH3), 23.81 (CH 3 ). 43.77 (CHj). 58.50 (C(CH 3 )), 5 

107.94 (C 4 ). 110.67 (C 3 ), 126.99 (2C 2 ' or 2C 3 '), 127.41 
(C 4 ’). 128.60 (2C 2 or 2C 3 '). 137.52 (C/), 142.38 (C s ). 

152.94 (Cj). 169.03 (C(0)NH), 171.16 (COCH 3 ) ppm; mass 
spectrum, m/e (relative intensity) 287 (M + +l. 4), 228 (4), 

153 (99). 152 (96). 138 (15). Ill (63), 110 (100). 91 (75); 10 
M r (El) 286.13074 (calcd for C 16 H 18 N 2 0 3 . 286.13174). 

EXAMPLE 87 

15 

Synthesis of a-Thioacetamido-N-benzyi-2-furanacetamide 

(5). 

A THF solution (80 raL) of 2 (1.00 g, 3.68 mmol) and 
Lawesson’s reagent (0.73 g, 1.84 mmol) was stirred at room 
temperature (4 h). The THF was removed in vacuo and the 20 
residue was purified by flash column chromatography on 
Si0 2 gel using 1% MeOH/CHCl 3 to give 0.75 g (71%) of 5: 
mp 78°-80° C.; 1^0.51 (1% MeOH/CHCl 3 ); IR (KBr) 3200 
(br), 1630, 1500. 1440. 1350.790.710. 680 cm" 1 ; l H NMR 
(DMSO-de) 8 2.46 (s. C(S)CH 3 ), 4.27-435 (m. CH 2 ). 6.22 
(d. J=7.7 Hz. CH). 6.32 (d. J=3.3 Hz. C 3 H), 6.41-6.44 (m. 
C 4 H). 7.15-7.33 (m. 5 PhH). 7.64 (s. C S H). 8.81 (t, J=5.9 
Hz. NH). 10.54 (d. J=7.7 Hz. NH); 13 C NMR (DMSO-d 6 ) 
32.70 (s. C(S)CH 3 ). 42.39 (C 2 ). H 56.82 (CH). 108.76 (Cs). 30 
110.67 (C 4 ). 126.81 (C 4 ’). 127.12 (2C 2 ’ or 2C 3 '), 128.23 
(2C 2 * or 2C 3 '), 139.98 (CO, 143.06 (C s ), 149.53 (C 2 ), 
166.55 (C(O)NH). 200.68 (C(S)CH 3 ) ppm; mass spectrum 
(FD) 288 (MO. Anal. (C 15 H 16 N 2 0 2 S) C, H, N. 




EXAMPLE 89 

Synthesis of a-Acetaraido-N-(3-pyridinylmethyl)-2- 
furanacetamide (7). 

Using racemic 19 (3.00 g, 16.39 mmol), 
4-methylmorpholine (1.66 g, 1639 mmol), isobutylchloro- 
formate (2.24 g, 16.39 mmol), and 3-aminomethylpyridine 
(1.77 g, 16.39 mmol) in the mixed carbonic anhydride 
protocol gave 335 g (75%) of 7: mp 172°-174° C. 
(recrystallized from EtOAc); 0.27 (8% MeOH/CHCl 3 ); 
TR (KBr) 3400. 3300, 1640, 1540, 1420, 1360. 820, 740 
cm" 1 ; ‘H NMR (DMSO-d s ) 8 1.89 (s, C(0)CH 3 ). 4.32 (d, 
J=5.8 Hz. CHj), 5.55 (d, J=7.9 Hz, CH), 6.28-6.29 (m, 
CjH), 6.41-6.43 (m, C 4 H), 7.32 (dd, J=4.8, 7.7 Hz, C S 'H), 
7.58-7.62 (m, C 4 ’H, C S H), 8.44 (br s, C 2 ’H, C 6 'H), 8.62 (d. 
J=7.9 Hz, NH), 8.81 (t, J=5.8 Hz, NH); 13 C NMR (DMSO- 
d 6 ) 22.31 (C(0)CH 3 ), 39.98 (CH 2 ), 50.94 (CH), 107.67 
(C 4 ), 110.54 (C,), 12338 (C 5 '), 134.57 (C 3 ’), 134.83 (C 4 '), 
142.64 (C 5 ), 148.06 (C 6 '), 148.55 (Cj’), 150.94 (Cj), 168.19 
(C(O)NH), 169.26 (C(0)CH 3 ) ppm; mass spectrum (FD) 
274 (M + +l). Anal. (C X4 H 1S N 3 0 3 ) C, H, N. 
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EXAMPLE 88 

45 

Synthesis of a-Thioacetamido-N-benzyl-2- 
furanthioacetamide (6). 

A THF solution (90 mL) of 2 (2.00 g, 7.35 mmol) and 
Lawesson’ s reagent (3 .27 g, 8.09 mmol) was heated to reflux 50 
(4 h). The THF was removed in vacuo and the residue was 
purified by two successive flash column chromatographies 
on Si0 2 gel using 0.5% MeOH/CHCl 3 as the eluant in the 
first chromatography and CHC1 3 in the second chromatog- 
raphy. Compound 6 (0.50 g, 22%) was then further purified 55 
by preparative TLC (CHC1 3 ): mp 99°-101 # C.; R,-0.74 (1% 
MeOH/CHCl 3 ); IR (KBr) 3100. 1580. 1500 (hr) cm" 1 ; l H 
NMR (DMSO-de) 8 2.58 (s, C(S)CH 3 ). 4.86 (dd, J=5.4, 15.0 
Hz. CHH). 4.96 (dd. J=5.4. 15.0 Hz, CHH), 6.49-6.55 (m, 
C 3 H, C 4 H). 6.65 (d, J=7.5 Hz, CH), 7.31-7.43 (m. 5 PhH), 60 
7.75 (s, C 5 H) 10.64 (d. J=7.5 Hz. NH). 10.95 (t. J=5.4 Hz, 
NH); l3 C NMR (DMSO-de) 32.79 (s, C(S)CH 3 ), 4830 
(CH 2 ), 61.88 (CH). 108.50 (C 3 ), 110.53 (C 4 ), 127.05 (C 4 ’), 
127.48 (2C 2 or 2C 3 '), 128.19 (2^* or 2C 3 '). 136.67 (C/), 
142.91 (C 5 ). 150.15 (C 2 ), 197.45 (C(S)NH). 200.56 (C(S) 65 
CH 3 ) ppm; mass spectrum (FD) 304 (M + ). Anal. 
(CjjHjeNjOSj) C. H. N. 


EXAMPLE 90 

Synthesis of a-Acetamido-N-(4-pyridinylmethyl)-2- 
furanacetamide (8). 

Making use of racemic 19 (3.00 g, 16.39 mmol), 
4-methylmorpholine (1.66 g, 16.39 mmol), isobutylchloro- 
formate (2.24 g, 16.39 mmol), and 4-aminomethylpyridine 
(1.77 g, 16.39 mmol) in the mixed carbonic anhydride 
method, gave 3.40 g (76%) of 8: mp 168°-170° C. 
(recrystallized from EtOAc); R^ 0.31 (8% MeOH/CHCl 3 ); 
IR (KBr) 3 180, 1650 (br), 1480, 1400, 1340,780,740 cm” 1 ; 
‘H NMR (DMSO-dg) 8 1.90 (s, C(0)CH 3 ), 4.32 (d, J=5.7 
Hz, CH 2 ), 5.57 (d, J=7.8 Hz. CH), 632-6.34 (m, CjH), 
6.42-6.43 (m, C 4 H), 7.19 (d, J=4.9 Hz, Cj'H, C S ’H), 7.64 (s, 
C } H), 8.46 (d, J=4.9 Hz, Cj’H, C 6 ’H), 8.64 (d, J=7.8 Hz. 
NH), 8.84 (t, J=5.7 Hz, NH); 13 C NMR (DMSO-d 6 ) 22.27 
(C(0)CH 3 ), 41.26 (CHj), 50.99 (CH), 107.74 (C 4 ), 110.54 
(C 3 ), 121.87 (G,’, C 5 '), 142.63 (C 5 ), 148.17 (C 4 ')< 149.35 
(C 2 , Ce’), 150.82 (C 2 ), 16835 (C(O)NH), 169.29 (C(O) 
CH 3 ) ppm; mass spectrum (FD) 274 (M + +l). Anal. 
(C 14 H 1S N 3 0 3 ) C, H, N. 
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CH3CNH — C — COH 
H 

EXAMPLE 91 

Synthesis of a-Acetamido-N-(l-oxo-3-pyridinylmethyl)-2- 
furanacetamide (9). 

A solution of 7 (1.50 g, 5.49 mmol) and 
m-chloroperoxybenzoic acid (1.90 g, 6.04 mmol) in THF 
(175 mL) was heated to reflux (3 h) and then cooled to room 
temperature. The THF solution was concentrated to approxi- 
mately half its volume, and then cooled to give LOO g (63%) 
of 9: mp 159°-161° C. (recrystallized from EtOH); 11,0.30 
(20% MeOH/CHCl 3 ); IR (KBr) 3400 (br), 1620, 1500 (hr), 
1420, 1350. 750 cm’ 1 ; A H NMR (DMSO-d 6 ) 8 1.89 (s, 
C(0)CH 3 ), 4.27 (d, J=5.0 Hz, CHJ 5.53 (d. J=7.6 Hz, CH), 
6.31 (br s, C 3 H). 6.42 (br s, C 4 H), 7.14-7.18 (m, 1 ArH), 
7.34-7.37 (m, 1 ArH), 7.61 (br s, C 5 H), 8.07 (s, 2 ArH), 8.63 
(br s. NH), 8.80 (br s, NH); 13 C NMR (DMSO-d 6 ) 22.29 
(C(0)CH 3 ), 39.36 (CHJ, 50.99 (CH), 107.79 (C 4 ), 110.56 
(C 3 ), 124.03 (C 4 ’X 126.10 (C 5 ’), 137.16 (C 3 ‘), 137.31 (C 6 ‘), 
138.70 (C 2 '), 142.69 (C 5 ), 150.72 (Cj), 168.40 (C(O)NH), 
169.32 (C(0)CH 3 ) ppm; mass spectrum (FD) 289 (M+); M r 
(El) 289.10554 (calcd for C 14 H 15 N 3 0 4 , 289.10626). 

Anal. Calcd for C 14 H 15 N 3 O 4 .2.0 H 2 0: C, 51.69; H, 5.89; 
N, 12.92. Found: C, 52.03; H, 5.56; N, 13.36. 

EXAMPLE 92 

Synthesis of a-Acetamido-N-(l-oxo-4-pyridinylmethyl)-2- 
furanacetaraide (10). 

Following the preceding procedure and using 8 (1.50 g, 
5.49 mmol) and m-chloroperoxybenzoic add (1.90 g, 6.04 
mmol) gave a light yellow solid (0.96 g, 60%) directly upon 
cooling the THF solution. The precipitate was Altered and 
recrystallized from EtOH to give 10: mp 210°-212° C. (d); 
Rf 0.25 (20% MeOH/CHCl 3 ); IR (KBr) 3300, 1620, 1500, 
1410. 1350, 740 cm’ 1 ; l H NMR (DMSO-d^ 8 1.89 (s, 
C(0)CH 3 ), 4.26 (d, J=5.8 Hz, CH 2 ), 5.52 (d, J=7.7 Hz, CH), 
6.30 (br s, C 3 H), 6.41-6.42 (m, C 4 H), 7.21 (d, J=6.8 Hz, 
C 3 'H, C 5 'H), 7.63 (s, C S H), 8.14 (d, J=6.8 Hz, C 2 ’H, C 6 ’H), 
8.62 (d, J=7.7 Hz, NH), 8.82 (t, J=5.8 Hz, NH); 13 C NMR 
(DMSO-de) 22.35 (C(0)CH 3 ), 40.68 (CH^, 51.14 (CH), 
107.87 (C 4 ). 110.62 (C 3 ), 124.83 (C 3 \ C 5 ’), 137.43 (C 4 '), 
138.39 (C 2 \ C 6 ’), 142.72 (C 5 ), 150.77 (C 2 ), 168.48 (C(O) 
NH), 169.45 (C(0)CH 3 ) ppm; mass spectrum (FD) 289 
(M + ). Anal. (C 14 H 15 N 3 0 4 ) C, H, N. 

EXAMPLE 93 

Synthesis of a-Acetamido-2-furanacetic-2'- 
pyridinehydrazide (11). 

Following the mixed carbonic anhydride procedure and 
using racemic 19 (2.00 g, 10.39 mmol), 4-methylmoipholine 
(1.10 g, 10.93 mmol), isobutylchloroformate (1.49 g, 10.93 
mmol), and 2-hydrazinopyridine (1.20 g, 11.00 mmol) gave 
an insoluble material upon workup containing 11 and 
4-methylmorpholine hydrochloride. The reaction products 
were suspended in EtOH (25 mL), and 11 (1.00 g) was 
collected by filtration. Concentration of the THF filtrate and 
trituration of the residue with EtOAc gave an additional 0.70 
g of 11 to give a combined yield of 1.70 g (64%): mp 


64 

226°-228° C. (recrystallized from EtOH); FL, 0.30 (10% 
MeOH/CHCl 3 ); IR (KBr) 3400, 1650, 1580. 1440, 1360. 
1320. 770, 730 cm -1 ; *H NMR (DMSO-de) 5 1.83 (s, 
C(0)CH 3 ), 5.64 (d, J=8.0 Hz, CH). 6.41-6.50 (m. C 3 H. 
5 C 4 H, C s 'H). 6.67 (dd, J=5.4, 6.7 Hz. C 3 'H). 7.44-7.52 (m. 
C 4 'H). 7.66 (s. C S H), 8.02 (d, J=4.0 Hz. C 6 'H). 8.40 (s. 
C(O)NHNH). 8.66 (d. J=8.0 Hz. NH). 10.20 (s, C(O) 
NHNH); 13 C NMR (DMSO-d 6 ) 22.26 (C(0)CH 3 ). 49.56 
(CH), 105.93 (C 3 '), 107.87 (C 3 ). 110.57 (C 4 ). 114.50 (C s ’). 
to 137.48 (C 4 ), 142.76 (C 5 ). 147.45 (C 6 '). 150.60 (Cj). 159.59 
(C 2 ), 167.88 (C(O)NH), 169.28 (C(0)CH 3 ) ppm; mass 
spectrum (FD) 274 (M + ); M r (El) 274.10649 (calcd for 
C 13 H 14 N 4 0 3 , 274.10659). 



EXAMPLE 94 

Synthesis of R(-) a-Acetamido-N-(4-fluorobenzyl)-2- 
furanacetamide ((R)-12). 

Using (R)-19 (0.94 g, 5.1 mmol), 4-methylmoipholine 
(0.52 g, 5.1 mmol), isobutylchloroformate (0.70 g. 5.1 
mmol), and 4-fluorobenzylamine (0.65 g, 5.16 mmol) in the 
30 mixed carbonic anhydride method gave 1.00 g (68%) of 
(R)-12: mp 205°-207° C. (recrystallized from EtOAc); R, 
0.30 (4% MeOH/CHCl 3 ); [a] 26 D =-77.42 (c=l. MeOH); IR 
(KBr) 3400 (br), 1620, 1580. 1500 (br). 1350, 770. 720 
cm -1 ; *H NMR (DMSO-d 6 ) 6 1.89 (s, C(0)CH 3 ), 4.27 (d, 
35 J=5.9 Hz. CHj), 5.54 (d, J=8.0 Hz. CH), 6.27 (d, J=3.0 Hz. 
C 3 H), 6.41 (dd, J=1.9, 3.0 Hz, C 4 H), 7.08-7.15 (m, 2 ArH), 
7.20-7.26 (m, 2 ArH), 7.61 (d, J=1.9 Hz, C S H), 8.58 (d, 
J=8.0 Hz, NH), 8.74 (t, J=5.9 Hz, NH) ppm; addition of R(-) 
mandelic add to a CDC1 3 solution of (R)-12 gave only one 
signal for the acetamide methyl protons. Mass spectrum 
(FD) 290 (M + ) Anal. (C 1S H 15 FN 2 0 3 ) C, H, N. 

Synthesis of R(-)a-Acetamido-N-(4-methylbenzyl)-2- 
furanacetamide ((R-13). 

Employing the mixed carbonic anhydride procedure and 
making use of (R)-19 (1.50 g, 8.20 mmol), 
4-methylmoipholine (0.83 g, 8.20 mmol), isobutylchloro- 
formate (1.12 g, 8.20 mmol), and 4-methylbenzylamine 
(0.99 g, 8.20 mmol) gave 1.80 g (77%) of (R)-13: mp 
210°-212° C. (recrystallized from EtOAc); R, 0.54 (4% 
MeOH/CHCl 3 ); [a] 26 D =-74.43 (c=l, MeOH); IR (KBr) 
3400 (br), 1610 (br), 1500 (br), 1350, 1320, 780, 720 cm -1 ; 
J H NMR (DMSO-d 6 ) 5 1.89 (s, C(0)CH 3 ). 2.25 (s. CH 3 ). 
4.24 (d, J=5.5 Hz. CHj). 5.56 (d, J=8.1 Hz, CH), 6.28 (br s, 
C 3 H), 6.41 (br s, C 4 H), 7.09 (br s, 4 ArH), 7.61 (br s. C S H), 
8.58 (d. J=8.1 Hz. NH), 8.72 (t, J=5.5 Hz, NH) addition of 
(R)-(-)mandelic acid to a CDC1 3 solution of (R)-13 gave 
only one signal for the acetamide methyl protons. 13 C NMR 
(DMS0-d 6 ) 20.64 (CH 3 ), 22.32 (C(0)CH 3 ), 42.00 (CH 2 ), 
50.88 (CH), 107.52 (C 4 ). 110.50 (C 3 ). 127.06 (2C 2 ' or 2C 3 '), 
128.77 (2Cj' or 2C 3 ’), 135.82 (C/ or C 4 '), 135.98 (C/ or 
C 4 '), 142.51 (C 5 ), 151.21 (C 2 ) 167.87 (C(O)NH). 169.17 
(C(0)CH 3 ) ppm; mass spectrum (FD) 287 (tvT+l). Anal. 
(C 16 H 18 N 2 0 3 ) C, H, N. 

EXAMPLE 95 

Synthesis of R(-)a-Acetamido-N-(4-trifluoromethylbenzyl) 
-2-furanacetamide ((R)-14). 
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Using (R>19 (1.00 g, 5.46 mmol), 4-raethylmoipholine 
(0.55 g, 5.46 mmol), isobutylchloroformate (0.75 g, 5.46 
mmol), and 4-trifluoromethylbenzylamine (0.96 g, 5.46 
mmol) in the mixed carbonic anhydride protocol gave 1.15 
g (59%) of (R)-14: imp 193°-195° C. (recrystallized from 
EtOAc/hexane); [a.] 26 ,>=-69.21 (c=l, MeOH); IR (KBr) 
3220. 1610. 1520. 1400. 1350. 800. 720 cm- 1 ; l H NMR 
(DMSO-de) 8 1.89 (s. C(0)CH 3 ). 4.37 (d. J=5.8 Hz. CH 2 ), 
5.56 (d. J=7.9 Hz. CH), 6.30-6.31 (m, C 3 H), 6.41-6.43 (m, 
C 4 H). 7.40-7.43 (m. 2ArH), 7.63-7.68 (m. 2ArH. C S H). 
8.62 (d, J=7.9 Hz. NH). 8.44 (t J=5.8 Hz. NH); addition of 
(R)(-)-mandelic acid to a CDC1 3 solution of (R>14 gave 
only one signal for the acetamide methyl protons. Mass 
spectrum (FD) 340 (M*). Anal. (C 16 H 15 F 3 N 2 0 3 ) C, H, N. 

GENERAL SYNTHESIS 

General Synthesis — Several preparative routes were uti- 
lized for the construction of the targetted compounds. In 
most cases, 2-acetamido-N-benzyl-2-aminoacetamide (2r) 
served as the starting material. Treatment of 2r with the 
appropriate chloroformate, isocyanate, isothiocyanate, 
arthydride, or use of the mixed anhydride protocol advanced 
for peptide synthesis led to the preparation of the N-acyl 
substituted adducts 2e-21 and 2n. Correspondingly, the 
preformed a-bromo derivative 2s was employed as the 
immediate precursor for 2m and 2p, while 2-acetamido-N- 
benzyl-2-(trimethylammonio)acetanude tetrafluoroborate 
(2t) was utilized for the synthesis of 2o. Finally, alkaline 
hydrolysis of 2p, followed by neutralization of the dipeptide 
by passage through an ion exchange resin yielded 2g. 

In Examples 96-108, reference is made to the following 
compounds 


o R* o 

II I II 

CH3CNH— CH— CNHCH 2 Ph 

2a r 2 =nhch 2 <:h 3 
bR 2 = NHNHCOjCHaPh 
c R 2 =NH(OCH 3 ) 
d R 2 = N(CH 3 )OCH 3 
e R 2 = NHC(0)OCH 3 
f R 2 = NHC(0)OPh 
g R 2 = NHC(0)NHCH 3 
h R 2 = NHC(0)NHPh 
i R 2 = NHC(0)NHS(02)Ph 
j R 2 = NHC(S)NHCH 3 
k R 2 = NHC(SJNHPh 
1 R 2 = NHC^COPhp'COaH) 


m O 



n R 2 = NHC(0)CH 2 NHC(0)OCH 2 Ph 
o R 2 a NHCH 2 C(0)0CH 2 CH 3 
p R 2 = NHCH 2 C(0)OCH 2 Ph 

q R 2 = NH 2 CH 2 CO 2 " 
r R 2 = NH 2 
s R 2 = Br 

t R2=N(CH 3 )3,BFr 
u R 2 a NHC(0)CH 3 
v R 2 = NHC(0)CF 3 


EXAMPLE 96 

Chemistry — Synthesis of Methyl[acetamido 
(benzylcarbamoyl)methyl]caibomate (2e). 
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Metiiyl chloroformate (0.33 g, 335 mmol) was added to 
a solution 2r (0.70 g, 3.16 mmol) and EtjN (0.39 g, 3.80 
mmol) in THF (75 mL), and then the reaction mixture was 
stirred at 55°-60° C. (2 h). The E^N.HCl that precipitated 
5 was filtered and the filtrate was concentrated to dryness in 
vacuo. The residue was triturated with EtOAc (20 mL), and 
the remaining white solid (0.55 g, 62%) was filtered and 
recrystallized from EtOH: mp. 202°-204° C. (d); R^O.53 
(10% MeOH/CHCl 3 ); IR (KBr) 3260, 1650, 1500, 1440, 
10 1360, 780, 690 cnT 1 ; J H NMR (DMSO-cy 5 1.86 (s. 
C(0)CH 3 ), 3.54 (s, OCH 3 ), 437 (d, J=5.6 Hz, CH^, 5.56 (t, 
J=7.8 Hz, CH), 7.18-7.32 (m, 5PhH), 7.70 (br s, NHC(O) 
OCH 3 ), 8.40 (d, J=7.8 Hz, NH), 8.51 (t, J=5.6 Hz, NH); l3 C 
NMR (DMSOdg) 22.38 (C(0)CH 3 ), 42.29 (CH*), 51.46 
15 (OCH 3 ), 58.57 (CH), 126.52 (C 4 ’), 126.98 (2Q or 2C 3 '), 
127.99 (2C 2 or 2C 139.03 (C/), 167.83 (C(O)NH), 
16933 (C(0)CH 3 ) ppm, the carbamate carbonyl signal was 
not detected. Mass spectrum (FD) 279 (M*). 

Anal. Calcdfor C l3 H 17 N 3 0 4 : C, 55.91; H, 6.14; N, 15.05. 
20 Found: C, 56.16; H, 6.10; N, 14.89. 

EXAMPLE 97 

Synthesis of Phenyl(acetamido(benzylcarbamoyl)methyl] 
carbamate (2f). 

25 Compound 2r (0.80 g, 3.62 mmol) was dissolved in warm 
THF (75 mL), and then EtgN (0.44 g, 435 mmol), and 
phenyl chlarofoimate (0.62 g, 3.98 mmol) were added. The 
reaction mixture was stirred at 45°-50° C. (2 h), and the 
volatile materials were removed in vacuo. The residue was 
30 triturated with EtOAc (20 mL) and the remaining white solid 
material (0.80 g, 65%) was filtered, washed with H 2 0 (10 
mL), and then recrystallized from MeOH: mp 201°-203° C.; 
Rf 038 (5% MeOH/CHCl 3 ); IR (KBr) 3400 (br), 3240, 
1700, 1630. 1500, 1460. 1320, 1200, 740. 600 cm" 1 ; ‘H 
35 NMR (DMSO-dg) 8 1.89 (s, C(0)CH 3 ), 4.29-435 (m, 
CHj), 5.66 (t, >=7.6 Hz, CH), 7.08-7.42 (m, lOArH). 8.43 
(d, J=7.6 Hz. NH), 8.58 (d, J=7.6 Hz, NH), 8.67 (t, J=5.0 Hz, 
NH); 13 CNMR(DMSO-d*) 22.58 (C(0)CH 3 ), 42.51 (CH 2 ). 
58.69 (CH), 121.70 (2Cj), 125.18 (CJ, 126.76 (C 4 .). 127.19 
40 (2Cj. or 2C 3 .), 128.21 (2C 2 . or 2C 3 ), 129.30 (2Q), 139.14 
(C r ), 150.91 (Cj), 167.73 (C(O)NH), 169.75 (C(0)CH 3 ) 
ppm, the signal for the carbamate carbonyl was not detectedL 
Mass spectrum (FD) 341 (M*). 

Anal. Calcd for C 18 H 19 N 3 0 4 : C, 63.33; H, 5.61; N, 12.31, 
45 Found: C, 63.06; H, 5.64; N, 12.12. 

EXAMPLE 98 

Synthesis of l-[Acetamido(benzylcarbamoyl)methyl]-3- 
methylurea (2g). 

50 Methyl isocyanate (0.20 g, 3.48 mmol) was added to a 
solution of 2r (0.70 g, 3.16 mmol) in THF (75 mL), and then 
the reaction was stiixed at 45°-50° C. (2 h). The white solid 
(0.80 g, 91%) that separated out was filtered and recrystal- 
lized from MeOH to give 2g: mp 229°-230° C. (d); R^ 0.25 
55 (10% MeOH/CHCl 3 ); IR (KBr) 3200, 3060, 1630, 1500 
(br), 1350, 1300, 740, 680 cm' 1 ; l H NMR (DMSO-d 6 ) 6 
1.82 (s, C(0)CH 3 ), 2.54 (d, J=4.5 Hz, NHCH 3 ), 4.26 (d, 
J=5.8 Hz, CH 2 ), 5.59 (t, J=7.8 Hz, CH), 6.19 (d, J=4.5 Hz, 
NHCH 3 ), 6.52 (d, J=7.8 Hz, NHC(0)NHCH 3 ), 7.20-731 
60 (m 5PhH), 838 (t, J=5.8 Hz, NH), 8.46 (d, J=7.8 Hz, NH); 
13 C NMR (DMSO-dg) 22.36 (C(0)CH 3 ), 26.03 (NHCH 3 ). 
42.19 (CHj), 57.92 (CH), 126.54 (C 4 ’), 126.93 (2C 2 . or 
2C 3 ), 128.06 (2C 2 . or 2C 3 .), 139.16 (C r ), 157.30 (NHC(O) 
NH), 168.89 (C(O)NH), 169.37 (C(0)CH 3 ) ppm; mass 
65 spectrum (FD) 279 (M^+l). 

Anal. Calcdfor C 13 H 18 N 4 0 3 : C, 56.10; H, 6.52; N, 20.13. 
Found: C, 5631; H, 6.41; N, 20.12. 
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EXAMPLE 99 

Synthesis of l-[Acetamido(benzylcarbamoyl)methyl]-3- 
phenylurea (2h). 

Phenyl isocyanate (0.42 g, 3.5 mmol) was added to a 5 
solution of 2r (0.70 g. 3.16 mmol) in THF (75 mL), and then 
the reaction was stirred at 45°-50° C. (2 h). The white solid 
(0.95 g, 89%) that precipitated was filtered and dried: mp 
242° 1244° C. (d); 0.30 (5% MeOH/CHQ 3 ); IR (KBr) 

3200 (br). 1600 (br). 1430 (br). 1300. 880. 700 cm -1 ; *H 10 
NMR (DMSO-d 6 ) 6 1.86 (s, C(0)CH 3 ). 4.30 (d, J=5.9 Hz, 
CH 2 ). 5.67 (t. J=7.6 Hz, CH). 6.86-6.93 (m. 2ArH), 
7.20-7.32 (m. NH, 5PhH. lArH), 7.37-7.40 (m. 2ArH). 
8.56 (t. J=5.9 Hz. NH). 8.68 (d, J=7.6 Hz. NH). 8.89 (s. NH); 

13 C NMR (DMSO-d 6 ) 22.38 (C(0)CH 3 ). 42.29 (CH 2 ). 15 
57.59 (CH). 117.61 (2Cj). 121.37 (C 4 ), 126.57 (C 4 .). 126.95 
(2C 2 . or 2C 3 .). 128.07 (2C 2 . or 2C 3 .), 128.62 (2C 3 ). 139.12 
(C, or Cj.), 139.98 (C, orC r ). 153.98 (NHC(O)NH). 168.55 
(C(O)NH), 169.58 (C(0)CH 3 ) ppm; mass spectrum (FD) 
340 (M 4 ). 20 

Anal. Calcd for C 18 H 20 N 4 0 3 : C, 63.52; H. 5.92; N. 16.46. 
Found: C, 63.72; H, 5.92; N, 16.20. 

EXAMPLE 100 

Synthesis of l-[Acetamido(benzylcarbamoyl)methyl]-3- 25 
benzenesulfonylurea (2i). 

Benzenesulfonyl isocyanate (0.64 g. 3.48 mmol) was 
added to a solution of 2r (0.70 g, 3.16 mmol) in THF (75 
mL), and then the reaction was stirred at 50°-55° C. (22 h). 
The white solid (0.84 g, 66%) that separated on cooling was 30 
filtered and dried: mp 188°-191° C. (d); R. 0.11 (10% 
MeOH/CHCl 3 ); IR (KBr) 3250, 1630 (br). 1500 (br). 1460, 
1330, 870. 700 cm" 1 ; *H NMR (DMSO-d*) 8 1.80 (s. 
C(0)CH 3 ), 4.24 (d, J=5.7 Hz, CH 2 ), 5.47 (t, J=7.7 Hz, CH), 
7.18-7.30 (m. 5PhH, NH), 7.57-7.71 (m, 3ArH). 7.89-7.92 35 
(d. J=7.5 Hz, 2ArH), 8.54 (t, J=5.7 Hz, NH). 8.70 (d. J=7.7 
Hz. NH). 10.80 (s, NH); l3 C NMR (DMSO-de) 22.29 
(C(0)CH 3 ). 42.30 (CHj). 57.14 (CH), 126.58 (C 4 .), 126.89 
(2CJ. 127.12 (2C 2 . or 2C 3 .). 128.05 (2C 2 . or 2C 3 .). 128.96 
(2C 3 ), 133.25 (C 4 ), 138.88 (C x or C r ), 139.87 (C x or C r ), 40 
150.36 (NHC(O)NH), 167.55 (C(O)NH), 169.55 (C(O) 
CH 3 ) ppm; mass spectrum (ID) 405 (M + +l). 

Anal. Calcd for C 18 H 20 N 4 O s S: C, 53.46; H. 4.98; N, 
13.85. Found: C, 53.23; H, 5.04; N, 13.62. 

45 

EXAMPLE 101 

Synthesis of l-[Acetaraido(benzylcarbamoyl)methyl]-3- 
methylthiourea (2j). 

A solution of 2r (0.50 g, 2.26 mmol) and methyl isothio- 50 
cyanate (0.20 g. 2.27 raraol) in THF (75 mL) was heated to 
reflux (4 h), and then the volatile materials were removed in 
vacuo. The residue was recrystallized from absolute EtOH to 
give 2j as a white solid (0.22 g, 33%): mp 162°-163° C. (d); 

R, 0.45 (10% MeOH/CHCl 3 ); IR (KBr) 3400 (br), 3220 (hr), 55 
1620, 1500, 1430, 1340, 740 cm" 1 ; l H NMR (DMSO-dg) 8 
1.83 (s, C(0)CH 3 ), 2.85 (br s, NHCH 3 ), 4.27 (d, J=5.8 Hz, 
CH^, 6.10 (br s, CH), 7.17-7.30 (m, 5PhH), 7.80 (br s, NH), 
7.96 (br s. NH), 8.44 (br s, NH), 8.72 (s, NH); 13 C NMR 
(DMSO-d 6 ) 22.39 (C(0)CH 3 ), 30.92 (NHCH 3 ), 42.45 eo 
(CH 2 ), 61.33 (CH), 126.68 (C 4 .) 127.06 (2C 2 . or 2C 3 ), 
128.16 (2C r or 2C 3 .), 139.15 (C r ), 168.17 (C(O)NH), 
17030 (C(0)CH 3 ) ppm, the signal for the thiocarbonyl 
carbon group was not detected. Mass spectrum (FD) 294 
(M+). 65 

Anal Calcd for C 13 H 18 N 4C?2 S: C, 53.04; H, 6.16; N, 19.03. 
Found: C, 53.16; H, 6.31; N, 18.89. 
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EXAMPLE 102 

Synthesis of l-[Acetamido(benzylcarbamoyl)methyl]-3- 
phenylthiourea (2k). 

A solution of 2r (0.70 g. 3.16 mmol) and phenyl isothio- 
cyanate (0.47 g, 3.48 mmol) in THF (75 mL) was heated to 
reflux (3 h), and then the volatile materials were removed in 
vacuo. The residue was triturated with EtOH (15 mL), and 
the while solid material (0.70 g, 62%) that remained was 
filtered and re crystallized from absolute EtOH: mp 
196°-197° C. (d); R^0.65 (10% MeOH/CHCl 3 ); IR (KBr) 
3400 (br, 3240 (br), 1620, 1470 (br), 1330, 750, 670 cm” 1 ; 
l H NMR (DMS0-d 6 ) 5 1.89 (s. C(0)CH 3 ), 4.32 (d. J=5.8 
Hz. CHj), 5.24 (t, J=6.9 Hz. CH), 7.09-7.43 (m. 3ArH. 
5PhH), 7.52-7.55 (m, 2ArH), 8.13 (d, J=6.9 Hz, NH), 8.55 
(br s, NH), 8.85 (br, s. NH), 10.11 (s, NH); l3 C NMR 
(DMSO-d 6 ) 22.22 (C(0)CH 3 ), 42.36 (CHj). 61.18 (CH). 
122.76 (2C 2 ), 124.29 (C 4 ), 126.53 (C 4 .). 126.90 (2C* or 
2C 3 .), 128.00 (2C 2 . or 2C 3 .), 128.40 (2C 3 ), 138.94 (C x or 
C r ), 139.01 (Cj or Cj.), 167.82 (C(O)NH), 169.98 (C(0) 
CH 3 ), 180.02 (C(S)) ppm; mass spectrum (FD) 356 (M*). 

Anal. Calcd for C^H^OjS: C, 60.65; H, 5.66; N. 
15.72. Found: C, 60.43; H, 5.70; N, 15.62. 

EXAMPLE 103 

Synthesis of N-[Acetamido(benzylcarbamoyl)methyl] 
phthalamic acid (21). 

To a warm pyridine solution (7.0 mL) containing 2r (0.63 
g. 2.83 mmol), phthalic anhydride (0.43 g, 2.87 mmol) was 
added, and the reaction was stirred at 50°-55° C. (5 h). 
Pyridine was removed by distillation in vacuo and the 
residue was treated with H 2 0 (20 raL). The aqueous mixture 
was extracted with EtOAc (2x20 mL) and then acidified 
with aqueous IN HQ solution. The white solid (0.70 g, 
70%) that precipitated was filtered, washed with H 2 0 (10 
mL), and dried: mp 186°-188° C.; l H NMR (DMSO-dg) 8 
1.90 (s. C(0)CH 3 ), 4.36 (d. J=6.0 Hz. CHj). 5.92 (t, J=7.2 
Hz. CH), 7.20-7.31 (m. 5PhH), 7.43 (d. J=7.3 Hz, C a H), 
7.50-7.63 (m, C 4 H, C S H), 7.82 (d. J=7.3 Hz. C 3 H), 
8.41-8.48 (m, 2NH), 9.01 (d, J=7.2 Hz. NH), 13.30 (br s, 
C0 2 H); 13 C NMR (DMSO-dg) 22.46 (C(0)CH 3 ), 4239 
(CHj), 57.44 (CH), 126.57, 126.92, 127.81, 128.09, 128.72, 
129.36, 129.85, 131.49, 137.78, 138.99 (ARC, PhC), 
167.85. 167.93, 168.48, 169.47 (C(O)) ppm; mass spectrum 
(FD) 370 (MT+l). 

Anal. Calcd for C^H^O 3 : C, 61.78; H, 5.18; N, 11.38. 
Found: C, 61.63; H, 5.05; N, 11.16. 

EXAMPLE 104 

Synthesis of 2-Acetamido-N-benzyl-2-(N-succinimidyl) 
acetamide (2m). 

A cooled (-78° C.) THF solution (150 mL) of 2s 2 
(prepared from 2-acetamido-N-benzyl-2- 
ethoxyacetamide 4,5 (2.00 g, 8.0 mmol) and BBr 3 (2.51 g, 
10.05 mmol)) was added slowly into a cooled (-78° C.) THF 
suspension (50 mL) of sodium succiniraide (3.06 g, 25.25 
mmol). The reaction mixture was stirred at -78° C. (30 min) 
and at room temperature (90 min), and then treated with a 
10% aqueous citric add solution (50 mL). The resulting 
solution was neutralized with a saturated aqueous NaHC0 3 
solution, and the reaction mixture extracted with EtOAc 
(3x100 mL). The combined extracts were dried (Na 2 S0 4 ), 
and the volatile materials were removed by distillation in 
vacuo. The residue was purified by flash column chroma- 
tography on Si0 2 gel (6% MeOH/CHCl 3 ) to give 1.10 g 
(45%) of 2m: mp 1.80°-183° C. (recrystallized from EtOH); 
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RfO.26 (6% MeOH/CHCl 3 ); IR (KBr) 3340 (br), 1620 (hr), 
1480 (hr), 1340, 780, 670 cm- 1 ; l H NMR (DMSO-c^) 8 1.90 
(s, C(0)CH 3 ), 2.67 (s, CH 2 CH 2 ), 4.23-4.36 (m, CH^, 6.31 
(d, J=9.0 Hz. CH), 7.17-7.35 (m, 5 PhH), 8.63 (t, J=5.9 Hz, 
NH), 8.72 (d, J=9.0 Hz, NH); 13 C NMR (DMSO-d 6 ) 2236 
(C(0)CH 3 ), 27.99 (s, CH 2 CH 2 ), 42.59 (CH 2 ). 55.19 (CH), 
126.63 (C 4 ’), 126.96 (2C 2 ' or 2C 3 ’)< 128.08 (2C 2 ' or 2C 3 ’), 
138.91 (C/). 165.41 (C(O)NH), 169.86 (C(0)CH 3 ), 176.5 
(C(0)CH 2 CH 2 C(0)) ppm; mass spectrum (FAB) 304 (M*+ 
1, 17), 163 (12), 155 (48), 152 (51), 135 (68), 119 (100). 

Anal. Calcd for C 13 H 17 N 3 0 4 : C, 59.40; H, 5.65; N, 13.85. 
Found: C, 59.63; H, 5.70; N, 13.66. 

EXAMPLE 105 

Synthesis of Benzyl 

N-[Acetamido(benzylcarbamoyl)methyl]malonamate (2n). 

4-Methylmorpholine (0.35 g, 3.56 mmol) was added to a 
solution of N-CBZ-glycine (0.74 g, 3.55 mmol) in THF (75 
mL) at -10° to -15° C. The solution was stirred (5 min), and 
then isobutyl chloroforraate (0.49 g, 3.55 mmol) was added 
and the mixture was stilted for an additional 20 min. A 
cooled (-10° C.) solution of 2r (0.79 g, 3.55 mmol) in THF 
(125 mL) was then added slowly (30 min). The reaction 
mixture was stirred at this temperature (2 h) and then at 
room temperature (2 h). The insoluble materials were fil- 
tered and the filtrate was concentrated in vacuo. The residue 
was triturated with EtOAc (20 mL) and the white solid (0.60 
g) that remained was filtered, washed with H 2 0 and dried to 
give 2n. The initial insoluble material on trituration with 
H 2 0 gave an additional 0.40 g of 2n to give a combined 
yield of 1.00 g (68%); mp 177°-179° C. (recrystallized from 
EtOH); Rf 0.46 (10% MeOH/CHCl 3 ); IR (KBr) 3400 (br), 
3260, 1640 (br), 1540 (br), 1480, 1450, 1370, 760, 690 
cm- 1 ; *H NMR (DMSO-de) 6 1.86 (s, C(0)CH 3 ), 3.60-3.77 
(m, CtOCH^H), 4.28 (d, J=5.8 Hz, CHj), 5.01 (s, 
OCH^h), 5.79 (t, J=7.7 Hz, CH), 7.18-7.34 (m, 5 PhH, 5 
ArH), 7.49 (t, J=5.8 Hz, NH), 8.43-8.55 (m, 3xNH); l3 C 
NMR (DMSO-d 6 ) 22.36 (C(0)CH 3 ), 42.28 (CH^, 43.39 
(C(0)CH2NH), 56.77 (CH), 65.42 (OCHJPh), 126.55 (2C), 
126.94 (2C), 127.54, 127.66, 128.04 (2C), 128.22 (2C), 
136.89, 138.96 (ArC, PhC), 156.40 (NHC^OCH^h), 
167.86 (NHC(0)CH 2 ), 168.96 (C(O)NH), 169.30 (C(O) 
CH 3 ) ppm; mass spectrum (FD) 413 (M**+l, 100), 278 (75). 

Anal. Calcd for C 21 H 24 N 4 0 5 : Found: C, 60.90; C, 61.16; 
H, 5.87; N, 1358.H, 5.77; N, 13.35. 

EXAMPLE 106 

Synthesis of Ethyl N-[Acetamido(benzylcarbamoyl)methyl] 
glycinate (2o). 

Amethanolic solution (70 mL) containing 2t (1.50 g, 4.28 
mmol) and ethyl glycinate (prepared from ethyl glycinate 
hydrochloride (3.10 g, 22.2 mmol), NaOMe (1.17 g, 21.74 
mmol)) was heated to reflux (2 h). The reaction was con- 
centrated in vacuo to give an oily residue that was purified 
by flash column chromatography on Si0 2 gel (5% MeOH/ 
CHC1 3 ) to give 0.60 g (46%) of 29o: mp 125°-127° C. 
(recrystallized from EtOAc); R, 0.43 (5% MeOH/CHCl 3 ); 
IR (KBr) 3400 (hr), 3200, 1710, 1600, 1500, 1430, 1350, 
740, 680 cm- 1 ; J H NMR (DMSO-d 6 ) 6 1.17 (t, J=7.1 Hz, 
OCH 2 CH 3 ), 1.86 (s, C(0)CH 3 ), 2.65-2.74 (m, 
NHCH 2 C(0)), 3.26-3.33 (m, NHCH 2 C(0)), 4.07 (q, J=7.1 
Hz, OCH 2 CH 3 ), 4.28 (d, J=5.8 Hz, CH 2 ), 5.01 (t, J=8.2 Hz, 
CH), 7.19-7.35 (m, 5 PhH), 8.25 (d, J=8.2 Hz, NH), 8.58 (t, 
J=5.8 Hz, NH); 13 C NMR (DMSO-d*) 13.98 (OCH 2 CH 3 ), 
22.46 (C(0)CH 3 ), 42.13 (CH^, 46.22 (NHCH 2 C(0)), 60.07 
(OCH 2 CH 3 ), 63.96 (CH), 126.67 (C 4 .), 127.09 (2C 2 . or 
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2C 3 .), 128.13 (2C 2 . or 2C 3 .), 139.07 (C r ), 169.07 (C(O)NH), 
170.09 (C(0)CH 3 ), 171.56 (C(0)0CH 2 CH 3 ) ppm; mass 
spectrum (FD) 342 (M*). 

Anal. Calcd for C 15 H 21 N 3 0 4 : C, 58.62; H, 6.89; N, 13.67. 

5 Found: C, 58.83; H, 7.00; N, 13.73. 

EXAMPLE 107 

Synthesis of Benzyl 

N-[Acetamido(benzylcarbamoyl)methyl] glycinate (2p). 

A suspension of benzyl glycinate hydrochloride (5.00 g, 
24.8 mmol) in THF (400 mL) containing Et 3 N (4.90 g, 48.5 
mmol) was stirred (4 h) at room temperature. The reaction 
mixture was cooled (-78° C.) and then a cooled (-78° C.) 
15 THF solution (150 mL) of 2s (prepared from 2-acetamido- 
N-benzyl-2-ethoxyacetamide (4.00 g, 16.0 mmol) and BBr 3 
(1M in CH 2 Q 2 , 20.0 mL, 20.0 mmol)) was added (30 min). 
The reaction mixture was stirred at -78° C. (30 min) and 
then at room temperature (16 h). The insoluble materials 
20 were filtered, the filtrate concentrated in vacuo, and the 
residue was purified by flash column chromatography on 
Si0 2 gel (3% MeOH/CHQ 3 ) to give 1.56 g (26%) of 2p as 
a white solid: rap 133°-135° C. (recrystallized from EtOH); 
Rf 0.36 (3% MeOH/CHCl 3 ); IR (KBr) 3400, 3220, 1710, 
2 , 1620, 1510, 1440, 1350, 740, 680 cnT 1 ; a H NMR (DMSO- 
<4) 8 1.85 (s, C(0)CH 3 ), 2.71-2.82 (m, NHCH 2 C(0)), 3.39 
(d, J=6.1 Hz, NHCHHC(O)), 3.40 (d, J==6.1 Hz, NHCHHC 
(O)), 4.27 (d, J=6.1 Hz, CH^, 5.02 (t, J=8.2 Hz, CH), 5.11 
(s, OCHjjPh), 7.19-7.36 (m, 5 PhH, 5 ArH), 8.24 (d, J=8.2 
30 Hz, NH), 8.57 (t, J=6.1 Hz, NH); 13 C NMR (DMSO-d*) 
22.42 (C(0)CH 3 ), 42.11 (CH^, 46.22 (NHCH 2 C(0)), 63.94 
(CH), 65.53 (OCH 2 Ph), 126.62, 127.05 (2C), 127.80 (2C), 
127.91, 128.08 (2C), 128.29 (2Q, 135.87, 139.02 (ArC, 
PhC), 169.01 (C(O)NH), 170.06 (C(0)CH 3 ), 171.45 (C(O) 
35 0CH 2 Ph) ppm; mass spectrum (FD) 370 (M^+l). 

Anal. Calcd for C^H^NaO,,: C, 65.03; H, 6.28; N, 11.37. 
Found: C, 65.15; H, 6.53; N, 11.31. 

EXAMPLE 108 

40 Synthesis of N-[Acetamido(benzylcarbamoyl)methyl] 
glycine (2g). 

A solution of methyl N-[acetamido(benzylcarbamoyl) 
methyl] glycinate (0.60 g, 2.05 mmol) and KOH (0.30 g, 
5.36 mmol) in 90% aqueous EtOH (50 mL) was stirred at 
45 room temperature (48 h). The volatile materials were then 
removed in vacuo, and the residue dissolved in H 2 0 (10 
mL). The aqueous solution was extracted with EtOAc (2x20 
mL), and the aqueous layer was acidified to pH -2.0 with 
aqueous IN HQ. A column containing ion exchange resin 
50 Dowex 50x W4 was prepared using 10% aqueous pyridine. 
The column was thoroughly washed with H 2 0. The acidic 
aqueous reaction solution was added to the top of the 
column, and the column was eluted with H 2 0 (300 mL) or 
until the eluate was neutral. The column was then eluted 
55 with 10% aqueous pyridine (400 mL). The aqueous pyridine 
fraction was concentrated in vacuo to give a white solid, 
dried in vacuo, and then triturated with absolute EtOH (7 
mL). The insoluble materials that remained were filtered and 
dried to give 0.29 g (50%) of 2q: mp 124°-126° C. (d); IR 
60 (KBr) 3400, 3200, 1630, 1500, 1370, 690 cm" 1 ; l H NMR 
(DMSO-dg) 5 1.84 (s, C(0)CH 3 ), 3.26 (s. CH 2 C(0)), 4.29 
(d, J=5.7 Hz, CHj), 4.98 (d, J=8.2 Hz. CH), 7.21-7.33 (m, 
NH, 5 PhH), 8.39 (d, J=8.2 Hz, NH), 8.47 (t, J=5.7 Hz, NH); 
l3 C NMR (DMSO-d 6 ) 22.41 (C(0)CH 3 ), 41.98 (CH 2 ), 
65 47.48 (CH 2 C(0)), 64.08 (CH), 126.75 (C 4 ‘), 127.21 (2C 2 ’ or 
2C 3 '), 128.24 (2C 2 ' or 2C 3 '), 139.23 (C/), 169.91 (C(0)NH), 
170.02 (C(0)CH 3 ), 170.20 (CH 2 C(0) ppm. 
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Anal. Calcd for C 13 H 17 N 3 0 4 : C. 55.91; H, 6.13; N, 15.04. 
Found: C, 55.68; H, 6.06; N, 14.74. 

EXAMPLE 109 

Synthesis of 2- Acetamido-N-benzyl- 2 -( 1-pyrrole) 
acetamide. 

A cooled (-78° C.) THF solution (225 mL) of 
2-acetamido-N-benzyl-2'bromoacetamide (prepared from 
2-acetamido-N-benzyl-2-ethoxyacetamide (2.00 g, 8.0 
mmol) and BBr 3 (1M CH 2 C1 2 ) solution. 8.8 mL, 8.8 mmol)) 
was added under N 2 a cooled (-78° C.) suspension of 
potassium pyrrole (2.71 g, 25.8 mmol) in THF (25 mL). The 
reaction mixture was stirred at -78° C. (1 h) and then at 
room temperature (1 h). and then treated with H 2 0 (10 mL) 
and acidified (“pH” 4.0) with 5% citric acid. The reaction 
was made basic with aqueous saturated Na 2 C0 3 solution, 
and the aqueous mixture was extracted with EtOAc (2x250 
mL) and the combined organic layers were dried (Na 2 S0 4 ). 
The volatile materials were removed in vacuo and the 
residue was purified by flash column chromatography on 
Si0 2 gel using 3% MeOH/CHCl 3 as the eluant to give 0.40 
g (18%) of the desired product. The compound X was 
purified by reciystallization from EtOH: mp 182°-184° C.; 
Rf 0.44 (4% MeOH/CHCl 3 ); IR (KBr) 3400, 3280, 1630, 
1520. 1370, 740, 720 cm’ 1 ; NMR (DMSO-d 6 ) 8 1.91 (s, 
C(0)CH 3 ), 4.30 (d, J=5.5 Hz, CH 2 ), 6.01 (s, 2xC 3 H), 6.38 
(d. J=8.7 Hz, CH), 6.85 (s, 2xC 2 H), 7.11-7.35 (m 5PhH), 
8.96 (t, J=5.5 Hz, NH), 9.14 (d, J=8.7 Hz, NH); 13 C NMR 
(DMSO-dg) 22.22 (C(0)CH 3 ), 42.15 (CHa), 62.86 (CH), 
107.79 (2C 3 ), 119.19 (2C 2 ), 126.76 (C 4 .), 127.01 ( 2 C 2 . or 
2 C 3 .), 128.11 ( 2 C 2 ., or 2C 3 .). 138.34 (C r ), 166.37 (C(O) 
NH), 169.41 (C(0)CH 3 ) ppm; mass spectrum, m/e (relative 
intensity) 272 (M + +l, 22), 271 (M + , 100). 

Anal. Calcd for C 15 H 17 N 3 O 2 .0.2 H 2 0: C, 65.53; H, 6 . 37 ; 
N, 15.28. Found: C, 65.80; H, 6.22; N, 15.13. 

EXAMPLE 110 

Synthesis of 2-Acetamido-N-benzyl-2~(l-pyrazole) 
acetamide. 

To a cooled (-78° C.) solution (250 mL) of 2-acetaraido- 
N-benzyl-2-bromoacetamide (prepared from 2-acetamido- 
N-benzyl-2-ethoxyacetamide (3.60 g, 14.4 mmol) and BBr 3 
(1M CH 2 C1 2 solution, 15.8 mL, 15.8 mmol)), a THF solu- 
tion (20 mL) of E^N (2.91 g, 28.8 mmol) was added, 
followed by the addition of THF solution (30 mL) of 
pyrazole (1.17 g, 17.28 mmol). The mixture was stirred at 
“78° C. (30 min) and room temperature (1 h). The insoluble 


Using the preceeding procedure, 2-acetamido-N-benzyl- 
2- ethoxy acetamide (2.00 g, 8.0 mmol), BBr 3 (1M CH 2 C1 2 
solution, 8.8 mL, 8.8 mmol), E^N (1.62 g, 1.60 mmol), and 
imidazole (0.60 g, 8.8 mmol) gave 0.60 g (30%) of the 
desired product. Compound X was recrystallized from ethyl 
acetate/hexane as a beige colored solid: mp 146°-148° C.; IL 
0. (7% MeOH/CHG 3 ); IR (KBr) 3400 (br), 1640, 1560, 
1480. 1360. 720, 670 cm -1 ; *H NMR (DMSO-dg) 5 1.85 (s. 
C(0)CH 3 ), 4.30 (br s, CH 2 ), 6.53 (d, J=8.0 Hz, CH), 6.89 (s, 
C S H), 7.12-7.33 (m, C 4 H, 5PhH), 7.69 (s. C 2 H). 9.06 (br s, 
NH). 9.29 (d, J=8.0 Hz, NH); 13 C NMR (DMSO-d 6 ) 22.28 
(C(0)CH 3 ). 42.36 (CH 2 ) 61.18 (CH), 117.56 (C s ), 126.92 
(C 4 .), 127.16 (2C 2 . or 2C 3 .), 128.19 (C 4 ). 128.26 (2C 2 . or 
2C 3 .), 136.21 (Cj). 138.27 (C r ), 165.72 (C(O)NH), 169.77 
(C(0)CH 3 ) ppm; mass spectrum, FD (relative intensity) 274 
(1VT+2, 12), 273 (M++1, 77), 272 (100), 205 (34) 274 (18). 

Anal. Calcd for C 14 H 16 N 4 0 2 : C, 61.75; H, 5.92; N, 20.57. 
Found: C, 61.95; H, 6.09; N, 20.32. 

EXAMPLE 112 

Synthesis of 2-Acetamido-N-benzyl-2-( l-( 1 ,2.4- triazole)) 
acetamide. 

Using 2-acetamido-N-benzyl-2-ethoxyacetamide (4.00 g, 
16.0 mmol), BBr 3 (1M CH 2 C1 2 solution, 17.6 raL, 17.6 
mmol), EtjN (4.85 g, 48.0 mmol), and 1,2,4-triazole (1.43 g, 
20.8 mmol), 1.20 g (28%) of the desired product was 
obtained. Compound X was recrystallized from EtOAc as an 
amorphous white solid: mp 146°-148° C.; IL 0.48 ( 6 % 
MeOH/CHCl 3 ); IR (KBr) 3400, 1660, 1470, 1370, 830 
cm -1 ; *H NMR (DMSO-d 6 ) 8 1.85 (s, C(0)CH 3 ). 4.32 (br 
s, CH 2 ), 6.70 (d, J=7.8 Hz, CH), 7.21-7.29 (m 5PhH), 8.01 
(s, C 3 H), 8.57 (s, C S H), 9.04 (br s, NH), 9.39 (d, J=7.8 Hz. 
NH); l3 C NMR (DMSO-d 6 ) 22.39 (C(0)CH 3 ). 42.59 (CH 2 ). 
65.02 (CH), 126.97 (C 4 .), 127.25 (2C 2 . or 2C 3 .), 128.32 (2C r 
or 2C 3 .), 138.47 (C r ), 143.93 (Cj), 151.50 (C 3 ), 164.77 
(C(O)NH). 170.23 (C(0)CH 3 ) ppm; mass spectrum FD 
(relative intensity) 274 (M + +l, 100), 273 (11), 205 (19), 204 
(13), 140 (67), 139 (31). 

Anal. Calcd for C 13 H 1 S N 3 0 2 : C. 57.13; H, 5.53; N, 25.63. 
Found: C, 57.37; H, 5.66; N, 25.38. 

EXAMPLE 113 

Synthesis of 2-Acetamido-N-benzyl-2-(l-tetrazole)) 
acetamide. 


materials were filtered and the solvents removed in vacuo. 
The residue was purified by flash column chromatography 
on Si0 2 gel using 4% MeOH/CHCl 3 as the eluant to give 
0.80 g (22%) of the desired product The compound X was 
recrystallized from EtOAc as a white solid: mp 158°-160° so 
C.; Rj.0.51 (6% MeOH/CHCl 3 );IR (KBr) 3400, 3180, 1650, 
1530. 1470, 1370, 1350, 740, 700 cm -1 ; *H NMR (DMSO- 
da) 8 1.93 (s. C(0)CH 3 ). 4.29 (d. J=5.8 Hz. CHj). 6.26 (s, 
C 4 H), 6.57 (d, J=8.8 Hz. CH), 7.15-7.33 (m. 5PhH). 7.48 (br 
s, CjH). 7.76 (br s, C 3 H), 8.96 (t. J=5.8 Hz, NH). 9.23 (d, 55 
J=8.8 Hz, NH); 13 C NMR (DMSO-d*) 22.41 (C(0)CH 3 ), 
42.40 (CH 2 ), 65.51 (CH), 105.37 (C 4 ). 126.87 (C 4 .), 127.14 
(2Cj. or 2C 3 ), 128.25 (2C 2 . or 2C 3 .). 129.00 (C s ). 138.59 
(C 3 ), 139.17 (C,.), 165.68 (C(O)NH), 169.81 (C(0)CH 3 ) 
ppm; mass spectrum, m/e (relative intensity) 273 (M + +l, 60 
11), 272 (M+. 2), 139 (83), 138 (100). 92 (37). 

Anal. Calcd forC 14 H 16 N 4 0 2 : C, 61.75; H, 5.92; N, 20.57. 
Found: C, 61.95; H, 5.96; N, 20.28. 


Making use of 2-acetamido-N-benzyl-2-ethoxyacetaroide 
(3.00 g. 12.0 mmol), BBr 3 (1M CH 2 d 2 solution, 13.2 mL. 
13.2 mmol), Et.N (2.42 g, 24.0 mmol), and tetrazole (1.10 
g, 15.6 mmol), 0.90 g (27%) of the desired product was 
obtained as a white solid. The compound X was recrystal- 
lized from EtOH: mp 169 0 -171° G; R^ 0.22 (4% MeOH/ 
CHC1 3 ); IR (KBr) 3300 (br), 1660. 1510, 1360, 870, 740 
cm" 1 ; ‘H NMR (DMSO-d s ) 8 1.97 (s, C(0)CH 3 ). 4.25-4.40 
(m CHj), 7.05 (d. J=8.4 Hz, CH), 7.21-7.38 (m, 5PhH), 
9.23 (t. J=5.5 Hz, NH), 9.44 (s. C S H), 9.69 (d, J=8.4 Hz. 
NH); 13 C NMR (DMSO-dg) 2238 (C(0)CH 3 ), 42.78 (CH 2 ), 

63.62 (CH), 127.10 (C 4 .), 127.39 (2C 2 . or 2C 3 .). 128.38 (2C 2 . 
or 2C 3 .), 138.26 (C r ), 143.67 (C s ), 163.88 (C(O)NH), 

170.62 (C(0)CH 3 ) ppm; mass spectrum, FD (relative 
intensity) 275 (M\ 79), 273 (14), 206 (100), 205 (50). 

Anal. Calcd for Cj 2 H 14 N 6 0 2 : C, 52.55; H, 5.15;N, 30.64. 
Found: C, 52.75; H, 5.33; N, 30.64. 


EXAMPLE 111 65 EXAMPLE 114 

Synthesis of 2-Acetamido-N-benzyl-2-(l-imidazole) Synthesis of a-Acetamido-N-benzyl-l-(dimethylsulfamoyl) 
acetamide. imidazole-4-acetamide. 



5,654,301 


73 74 


To a cooled (-78° C.) THF solution (150 mL) of 
2-acetamido-N-benzyl-2-bromoacetamide (prepared from 
2-acetamido-N-benzyl-2-ethoxyacetamide (2.00 g, 8.0 
mmol) and BBr 3 (1M solution in CH 2 C1 2 , 9.0 mL. 9.0 
mmol)) was added E^N (1,62 g, 16.0 mmol), and then a 
THF solution of the 2-lithio salt of N.N-dimethylimidazole- 
1-sulfonamide (generated by the addition of n-BuLi (2.5M 
in hexane. 3.9 mL, 9.68 mmol) into a cooled (-78° C.) THF 
solution (25 mL) of N,N-dimethyliraidazole-l-sulfonamide 
(1.54 g, 8.8 mmol)) was added during a 15 min interval. The 
reaction mixture was stirred at this temperature (30 min) and 
then at room temperature (45 min). A saturated aqueous 
NH 4 C1 solution (50 raL) and H 2 0 (50 mL) were then 
sucessively added to the reaction, and the aqueous mixture 
was extracted with EtOAc (3x50 mL). The combined 
extracts were dried (Na 2 S0 4 ), and the volatile materials 
were removed by distillation in vacuo. The residue was 
purified by flash column chromatography on Si0 2 gel (4% 
MeOH/CHCl 3 ) to give 0.50 g (17%) of the desired product: 
mp 145°-147° C. (recrystallized from EtO Ac/hexane); 
0.35 (4% MeOH/CHCl 3 ); IR (KBr) 3400. 1640, 1530, 1380, 
720 cm“ A ; A H NMR (DMSO-d 6 ) 6 1.96 (s. C(0)CH 3 ), 2.77 
(s, N(CH 3 ) 2 ), 4.25 (dd, J=6.0, 15.5 Hz, CHH), 4.34 (dd, 
J=6.0, 15.5 Hz, CHH), 5.43 (d, J=8.0. Hz, CH), 7.19-7.30 
(m, 5 PhH), 7.40 (s, C 5 H), 8.17 (s, C 2 H), 8.42 (d, J=8.0 Hz, 
NH), 8.67 (t J=6.0 Hz, NH); 13 C NMR (DMSO-dg) 22.42 
(C(0)CH 3 ), 37.80 (N(CH 3 )2), 42.11 (CHa), 51.40 (CH), 
115.50 (C 5 ), 126.64 (C 4 .), 126.94 (2C 2 . or 2C 3 .). 128.12 
(2C 2 . or 2C 3 .), 136.70 (C 2 ), 139.17 (C r ), 140.26 (C 4 ), 168.93 
(C(O)NH), 169.09 (C(0)CH 3 ) ppm; mass spectrum (FD) 
380 (M++1, 34), 248 (13), 247 (100), 108 (64). 

Anal. Calcd for C 16 H 21 N 5 0 4 S: C, 50.65; H, 5.58; N, 
17.87. Found: C, 51.92; H, 5.65; N, 18.09. 

EXAMPLE 115 

Synthesis of a-Acetamido-N-benzyl-4-imidazole aceta- 
mide. 

A 75% aqueous EtOH (16 mL) solution of a-acetamido- 
N-benzyl-l-(N,N-dimethylsulfamido)imidazole-4- 
acetamide (0.85 g, 3.05 mmol) was acidified (“pH” -1.5) 
with ethanolic HC1, and the solution was heated to reflux (8 
h). The reaction was neutralized with a saturated aqueous 
NaHC0 3 solution and the EtOH-H 2 0 azeotrope removed by 
distillation in vacuo. The remaining aqueous layer was made 
basic ( <4 pH” 10) with aqueous NaOH. The aqueous mixture 
was extracted with EtOAc (3x50 mL) and the combined 
extracts were dried (Na^OJ. The reaction was concen- 
trated in vacuo to give 0.35 g (57%) of the desired product: 
mp 189°-191° C. (d) (recrystallized from acetone); R^ 0.19 
(10% MeOH/CHCl 3 ); IR (KBr) 3400, 3260, 1650, 1600, 
1500, 1430, 1360, 1330, 730, 710 cnT 1 ; l H NMR (DMSO- 
de) 8 1.88 (s, C(0)CH 3 ), 4.28 (d, J=5.9 Hz, CH 2 ), 5.38 (d, 
J=6.8 Hz, CH), 5.38 (br s, C 5 H), 7.15-730 (m, 5 PhH), 7.60 
(s, Cyi), 8.26 (br s, NH), 8.53 (br s, NH), 12.01 (br s, NH) 
ppm; mass spectrum (FD) 273 (M*+l). 

Anal. Calcd for C 14 H 16 N 4 0 2 : C, 61.75; H, 5.92; N, 20.58. 
Found: C, 61.59; H, 5.98; N, 20.37. 

EXAMPLE 116 

Synthesis of a-Acetamido-N-benzyl-2-imidazole aceta- 
mide. 

Preparation or l-diethoxymethyl-2-lithioimidazole. 

n-BuLi (2.5M in hexane, 6.8 mL. 17.0 mmol) was added 
to a cooled (-46° C.) solution of 1-diethoxymethylimidazole 
(2.90 g, 17.06 mmol) in THF (45 mL) under N 2 atm. The 
solution was stirred at -46° C. (15 min) to give the desired 
product. 


Preparation of a-Acetamido-N-benzyl-2- 
imidazoleacetamide. 

The 2-lithio salt solution of 1-diethoxymethylimidazole 
was added dropwise (15 rain) into a cooled (-78° C.) THF 
5 solution (130 mL) of 2-acetaraido-N-benzyl-2- 
bromoacetamide (prepared from 2-acetamido-N-benzyl-2- 
ethoxyacetamide (2.00 g, 8.0 mmol) and BBr 3 (1M in 
CH 2 C1 2 , 10 mL, 10,0 mmol)). The reaction was stirred at 
-78° C. (1 h) and then quenched with a saturated aqueous 
io NH 4 C1 (50 mL) solution. The mixture was stirred at room 
temperature (30 min), and made basic (“pH” 9.2)by adding 
aqueous K 2 C0 3 . The aqueous mixture was extracted with 
EtOAc (3x100 mL), and the combined extracts were dried 
(Na 2 S0 4 ). The solvents were removed in vacuo and the 
15 residue was purified by flash column chromatography on 
Si0 2 gel (2.5% MeOH/CHCl 3 ) to give 0.14 g (7%) of the 
desired product: mp 228°-230° C. (recrystallized from 
EtOH); lLo.46 (10% MeOH/CHCl 3 ); IR (KBr) 3200 (br), 
1610, 1500 (br), 1430, 1350, 740, 680 cnT 1 ; A H NMR 
20 (DMSO-de) 8 1.91 (s, C(0)CH 3 ), 4.29 (d, J=5.6 Hz. CH 2 ), 
5.51 (d, J=7.7 Hz, CH), 6.85 (br s, C 4 H). 7.05 (br s, C 5 H), 
7.18-7.30 (m, 5 PhH), 8.42 (d, J=7.7 Hz. NH), 8.65 (t, J=5.6 
Hz, NH), 11.91 (br s, NH); 13 C NMR (DMSO-d*) 22.49 
(C(0)CH 3 ), 42.21 (CHjj), 51.62 (CH), 126.60 (C 4 .), 126.98 
25 (2C 2 . or 2C 3 .), 127.21 (C 4 ), 128.09 (2C 2 . or 2C 3 ), 12832 
(C 5 ), 139.05 (C r ), 143.74 (Q, 168.12 (C(O)NH), 16930 
(C(0)CH 3 ) ppm; mass spectrum (FD) 273 (M*+l, 65), 272 
(M + , 100). 

Anal. Calcd for C 14 H 16 N 4 0 2 : C, 61.75; H, 5.92; N, 20.58. 
30 Found: C, 61.56; H, 5.92; N, 20.37. 

EXAMPLE 117 

Synthesis of a-Acetamido-N-benzyl-5-(tetrazole) 

acetamide. 

35 

A mixture of (2-acetamido-N-benzyl-2-cyanoacetamide 
(1.00 g, 433 mmol), potassium azide (1.70 g, 20.96 mmol) 
and Et 3 N.HCl (1.78 g, 13.0 mmol) in l-methyl-2- 
pyrrolidinone (1.25 mL) was stirred at 110° C. (7 h). After 
cooling, aqueous concentrated HC1 (1 mL) was added, and 
the reaction mixture was filtered. The solvent was removed 
in vacuo. The residue was dissolved in aqueous IN NaOH 
(20 mL), and then aqueous IN HC1 (20 mL) was added. The 
precipitate was filtered to give 0.77 g (65%) of the desired 
product. The compound X was recrystallized from EtOH: 
5 mp 236°-238° C.; R^O.20 (30% MeOH/CHCl,); *H NMR 
(DMSO-d fi ) 8 1.94 (s, C(0)CH3). 4.33 (d. J=5.7 Hz, CH 2 ), 
5.89 (d, J=7.8 Hz. CH), 7.18-733 (m. 5 PhH), 8.86 (d, J=7.8 
Hz, NH), 8.92 (t, J=5.7 Hz. NH), 16.54 (br s, NH); l3 C NMR 
(DMSO-d 6 ) 22.21 (C(0)CH 3 ), 42.37 (CHj). 48.13 (CH), 
126.67 (C 4 .). 127.00 (2C r or 2C 3 .), 128.05 (2C r or 2C y ), 
138.52 (C r ), 166.18 (C(O)NH), 169.58 (C(0)CH 3 ) ppm; 
mass spectrum. FD (relative intensity) 275 (M + +l. 73), 274 
(100). M, (+Q) 274.119201 (calcd for C 12 H 14 N 6 0 2 : 
55 274.117824. 

EXAMPLE 118 

Synthesis of a-Acetamido-N-benzyl-3-(l, 2, 4-triazole) 
acetamide. 

60 An ethanolic solution (250 mL) of 2-acetamido-N- 
benzyl-2-cyanoacetamide (3.00 g, 13.0 mmol), formic 
hydrazide (1.60 g, 26.0 mmol) and K 2 C0 3 (6.00 g, 2.90 
mmol) was heated at reflux (20 h). The reaction mixture was 
allowed to cool, filtered, and the solvent was removed in 
65 vacuo. The residue was purified by flash column chroma- 
tography on Si0 2 gel using 13% MeOH/CHCl 3 as the eluant 
to give 1.40 g (40%) of the desired product. The compound 
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X was purified by recrystallization from EtOH: mp 
205°-207° C.; R- 0.35 (16% MeOH/CHCl 3 ); *H NMR 
(DMSO-de) 8 1.92 (s, C(0)CH 3 ). 4.30 (d, J=5.7 Hz, CH 2 ), 
5.62 (d. J=7.8 Hz, CH). 7.18-7.32 (m. 5 PhH). 8.53 (s. C S H). 
8.56 (d, J=7.8 Hz. NH), 8.71 (t. J=5.7 Hz, NH). 13.98 (s, 
NH); 13 C NMR (DMSO-de) 22.48 (C(0)CH 3 ), 42.41 (CH 2 ). 
51.30 (CH). 126.63 (C 4 .), 127.08 (2C 2 . or 2C 3 .), 128. 11 (2C 2 . 
or 2C 3 .). 139.05 (C,.). 167.92 (C(O)NH), 169.32 (C(0) 
CH 3 ); ppm; mass spectrum. FD (relative intensity) 274 
(M-+1, 100). 273 (66). 

Anal. Calcd forC 13 H 15 N 5 0,: C. 57.13; H. 5.53; N. 25.63. 
Found: C, 57.32; H, 5.57; N. 25.53. 

EXAMPLE 119 

Synthesis of a-Acetamido-N-benzyl-2-(carboxamide 
oxime)acetamide. 

A suspension of NH 2 OH.HCl (1.80 g, 25.9 mmol), 
K2C0 3 (4.85 g, 35.0 mmol), 2-acetamido-N-benzyl-2- 
cyanoacetamide (2.00 g, 8.65 mmol) in absolute EtOH (150 
mL) was heated at reflux (16 h). The reaction mixture was 
cooled, filtered, and concentrated under vacuum. The resi- 


a-Acetamido-N-benzyl-2-(carboxamide oxime) 
acetamide (0.90 g, 3.4 mmol) was dissolved in trimethy- 
loithoformate (10 raL) containing BF3.Et20 (6 drops). The 
solution was warmed to 55° C. (20 min), and then evapo- 
rated under reduced pressure to give a white-blue solid. The 
material was dissolved in MeOH and treated with norit, 
filtered, and evaporated under reduced pressure to furnish 
crude product (0.79 g, 85%). The compound was purified by 
recrystallization from chloroform/hexane: mp 164°-166° 
C.; Rf 0.37 (6% MeOH/CHCl 3 ); X H NMR (DMSO-d 6 ) 8 
1.92 (s, C(0)CH 3 ), 4.31 (d, J=6.0 Hz, CH 2 ), 5.82 (d, J=8.4 
Hz, CH), 7.15-7.34 (m, 5 PhH), 8.88 (d, J=8.4 Hz, NH), 
8.96 (t, J=6.0 Hz, NH), 9.62 (s, C S H); 13 C NMR (DMSO-d*) 
22.22 (C(0)CH 3 ), 42.35 (CH 2 ), 49.44 (CH), 126.77 (C 4 .). 
127.06 (2C 2 . or 2C 3 .), 128.18 (2C* or 2C 3 .), 138.70 (C r ), 
166.25 (C(O)NH), 166.74 (C 3 ), 167.24 (C(0)CH 3 ), 169.52 
(C 5 , CH) ppm; mass spectrum, FD (relative intensity) 275 
(NT+1, 28), 274 (100). 

Anal. Calcd for C 13 H 14 N 4 0 3 : C, 56.93; H, 5. 14; N, 20.43. 
Found: C, 56.65; H, 5.01; N, 20.28. 


due was purified by flash column chromatography on Si0 2 
gel using 8% MeOH/CHCl 3 as the eluant to give 1.24 g 
(54%) of the desired product. The compound X was further 
purified by reaystallization from ethyl acetate/hexane: mp 
172°-173° G; R, 0.40 (10% MeOH/CHCl 3 ); *H NMR 
(DMSO-d*) 8 1.87 (s, C(0)CH 3 ), 4.27 (d, J=6.0 Hz, CH 2 ), 
4.88 (d, 1=8.4 Hz, CH), 5.37 (s, NH 2 ), 7.21-7.30 (m, 5 PhH), 
8.21 (d, J=8.4 Hz, NH), 8.48 (t, J=6.0 Hz, NH), 9.28 (s, OH); 
13 C NMR (DMSO-d 6 ) 22.46 (C(0)CH 3 ), 42.15 (CH 2 ), 
53.65 (CH), 126.60 (C 4 .). 126.99 (2Q. or 2C 3 .), 128.108 
(2C 2 . or 2C 3 ,), 139.02 (C r ), 149.63 (CNH^, 167.88 (C(O) 
NH), 169.07 (C(0)CH 3 ) ppm; mass spectrum, FD (relative 
intensity) 265 (M*+l, 36), 264 (100). 

Anal. Calcd forC 12 H 16 N 4 0 3 : C, 54.54; H, 6.10; N, 21.20. 
Found: C, 54.81; H, 6.01; N, 21.41. 

EXAMPLE 120 

Synthesis of a-Acetamido-N-benzyl-2-(carboxamide 
oxirae-(0-acetate))acetamide. 

To a stirred solution of a-acetamido-N-benzyl-2- 
(carboxamide oxime)acetamide (0.72 g, 7.25 mmol) in 
pyridine (8 mL), acetyl chloride (0.25 mL, X mmol) was 
added dropwise. Upon addition of the acetyl chloride a small 
exotherm was detected (25° C. to 37° C.). The reaction 
mixture was stirred at room temperature (1 h). The solvent 
was then removed in vacuo, and the residue was dissolved 
in CH 2 C1 2 (100 raL). The solution was washed with an 
aqueous 0.5N HC1 solution (20 mL). The organic phase was 
dried (Na^CXj). and the solvent was removed in vacuo to 
give 0.60 g (72%) of the desired product. The compound X 
was recrystallized from chloroform/hexane: mp 131°-133° 
C.; 0.35 (4% MeOH/CHCl 3 ); l H NMR (DMSO-d 6 ) 8 

1.90 (s, C(0)CH 3 ), 2.06 (s, OC(0)CH 3 ), 4.29 (t. J=5.3 Hz, 
CH^, 5.00 (d, J=8.4 Hz, CH). 6.48 (br s, NH^, 7.19-7.33 
(m, 5 PhH), 8.29 (d, J=8.4 Hz. NH), 8.66 (t, J=5.3 Hz, NH); 
13 C NMR (DMSO-dg) 19.86 (OC(0)CH 3 ), 22.77 (C(O) 
CH 3 ), 42.50 (CHj). 53.45 (CH). 126.89 (C 4 .), 127.28 (2C 2 . 
or2C 3 .), 128.38 (2C 2 . or2C 3 .). 139.00 (C r ). 156.13 (CNH 2 ), 
167.19 (C(0)NH). 168.49 (OC(0)CH 3 ), 169.55 (C(0)CH 3 ) 
ppm; mass spectrum, FD (relative intensity) 307 (M++1, 
100), 306 (43). 


EXAMPLE 122 

Synthesis of a-Acetamido-N-benzyl-2-(thioamide) 
acetamide. 

2-Acetamido-N-benzyl-2-cyanoacetamide (4.00 g, 34.64 
mmol) and 0,0-diethyldithiophosphoric acid (6.45 g, 34.64 
mmol) were dissolved in a binary MeOH (80 raL)-EtOH (80 
mL) solution containing H 2 0 (0.32 mL) and heated at 70° C. 
(6 h) and then allowed to remain at room temperature (13 h). 
The reaction mixture was filtered, and the solvent was 
removed in vacuo. The residue was triturated with EtOAc to 
give 2.00 g (44%) of the desired compound. The thioamide 
was recrystallized from ethyl acetate/hexane: mp 170°-171° 
C.; IV 0.51 (8% MeOH/CHCl 3 ); *H NMR (DMSO-dg) 8 
1.93 (s, C(0)CH 3 ), 4.29 (d, J=5.0 Hz. CH 2 ), 5.21 (d, J=8.0 
Hz, CH), 7.15-7.31 (m, 5 PhH), 8.03 (d, J=8.0 Hz, NH), 
8.69 (t, J=5.0 Hz, NH), 9.27 (s, NHH'), 9.91 (s, NHH); l3 C 
NMR (DMS0-d 6 ) 22.68 (C(0)CH 3 ), 42.24 (CH^, 62.95 
(CH), 126.63 (C 4 .), 126.96 (2Q, or 2G,). 128.087 (2C 2 . or 
2C 3 .), 138.83 (C r ), 166.42 (C(O)NH), 169.10 (C(0)CH 3 ). 
200.28 (C(S)NH 2 ) ppm; mass spectrum, FD (relative 
intensity) 266 (M + +l, 42), 265 (100). 

Anal. Calcd for C 12 H 15 N 3 0 2 S: C, 54.32; H, 5.70; N, 
15.84. Found: C, 54.44; H, 5.74; N, 15.54. 

EXAMPLE 123 

Synthesis of Ethyl 2-Acetamido-2-vinylacetate. 

Vinyl magnesium bromide (10.9 mL, IN, 10.9 mmol) was 
slowly added to a cooled (—78° C.) solution of ethyl 
2-acetamido-2-bromoacetate (1.10 g, 4.91 mmol) in THF 
(50 mL). The reaction was stirred at -78° C. (2 h), and was 
then quenched with a IN citric acid solution (7.0 mL). The 
mixture was allowed to warm to room temperature, and then 
the THF was removed in vacuo. The aqueous mixture was 
extracted with CHQ 3 (3x100 mL), and the combined CHC1 3 
extracts were dried (Na^O,,) and concentrated to dryness. 
The residue was purified by flash chromatography using 
Si0 2 gel and 2% MeOH/CHCl 3 as the eluant to give 0.50 g 
(60%) of the desired product as a light yellow colored oil: IL 
0.51 (4% MeOH/CHCl 3 ); *H NMR (DMSO-d*) 8 1.17 (t, 
J=7.1 Hz, OCH 2 CH 3 ), 1.88 (s, C(0)CH 3 ), 4.09 (d. J=7.1 Hz, 


Anal. Calcd for C 14 H 18 N 4 0 4 : C, 54.89; H, 5.92; N, 18.29. 
Found: C, 54.86; H, 5.84; N, 18.19. 

EXAMPLE 121 

Synthesis of a-Acetamido-N-benzyl-3-(l,2,4-oxadiazole) 
acetamide. 


OCH 2 CH 3 ), 4.80-4.86 (m, a-CH), 5.22-5.35 (m, 
CH^CH,), 5.82-5.92 (m, CH=CH 2 ), 8.47 (d, J=7.4 Hz. 
NH); 13 C NMR (DMSO-d 6 ) 13.96 (OCH 2 CH 3 ), 22.12 
65 (C(0)CH 3 ), 54.65 (a-CH), 60.71 (OCH 2 CH 3 ), 117.89 
(CH=CH 2 ), 132.48 (CH=CH 2 ), 169.16 (C(0)CH 3 ), 
170.26 (C(O)NH) ppm. 
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Synthesis of Vinyl Glycine. 

A mixture of ethyl 2-acetaraido-2-vinyl acetate (5.20 g, 
30.40 mmol) and aqueous 6N HC1 (200 mL) was heated to 
reflux (2 h). The mixture was cooled to room temperature, 
and then extracted with CHC1 3 (3x100 mL). The aqueous 
solution which was dark brown in color was decolorized 
with norit (15 min) at. 60° C., and then the mixture was 
filtered, and the filtrate was concentrated to dryness to give 
aude vinyl glycine hydrochloride. The salt was dissolved in 
a minim um amount of H 2 0 and acidified to pH 2.0 with 
aqueous IN HQ. The solution was applied to an ion 
exchange resin (Dowex 50XW4, ammonium form) and 
eluted with H 2 0 until the eluate was neutral. The ion 
exchange column was then eluted with an aqueous IN 
NH 4 OH solution (-500 mL). Removal of volatile materials 
from the NH 4 0H eluate gave 1.80 g (60%) of vinyl glycine: 
mp 218°-220° C. (d); *H NMR (D 2 0) 5 4.09 (d, J=7.2 Hz, 
tx-CH), 5.28-5.35 (m, CH=CH 2 ), 5.80-5.87 (m, 
CH^Oy. 

EXAMPLE 125 

Synthesis of 2-Acetamido2-vinylacetic acid. 

Acetic anhydride (2.50 g, 24.50 mmol) was added slowly 
into a cooled (-10° C.) solution of vinyl glycine (2.20 g, 
21.78 mmol) in AcOH (100 mL). The mixture was stirred at 
this temperature (30 min) and then at room temperature (3 
h). The solution was concentrated repeatedly from H 2 0. The 
residue was dissolved in absolute EtOH (200 mL) and then 
decolorized (norit, 60° C.), and filtered. The filtrate was 
concentrated in vacuo, and the residue was triturated with 
Et 2 0 to give 1.70 g (55%) of the desired product as a low 
melting yellow solid: A H NMR (DMSO-d 6 ) 5 1.87 (s, 
C(0)CH 3 ), 4.75 (dd. J=6.2, 7.5 Hz, cc-CH), 5.13-5.27 (m, 
CH=CH 2 ), 5.84-5.96 (m, CH=Oy, 8.24 (d, J=7.5 Hz, 
NH). 

EXAMPLE 126 

Synthesis of 2-Acetamido-N-benzyl-2-vinylacetamide. 

4-Methylmorpholine (0.71 g, 6.99 mmol) was added to a 
suspension of 2-acetamido-2-vinylacetic acid (1.00 g, 6.99 
mmol) in THF (325 mL), and the mixture was stirred at 
room temperature (30 min). The reaction was cooled to -10° 
to -15° C. and then isobutylchloroformate (1.24 g, 9.08 45 
mmol) was then added dropwise. After stirring (10 rain), a 
solution of benzylamine (0.75 g, 6.99 mmol) in THF (25 
mL) was added (15 min). The reaction mixture was allowed 
to warm to 0° C. The insoluble material was filtered. The 
filtrate was concentrated in vacuo, and the residue was 50 
purified by flash column chromatography on Si0 2 gel using 
3% MeOH/CHCl 3 as the eluant to give 1.00 g (62%) of the 
desired product: rap 136°-138° C. (recrystallized from 
EtOAc); Rf0.24 (3% MeOH/CHQ 3 ); A H NMR (DMSO-de) 

8 1.88 (s, C(0)CH 3 ), 4.27 (d, J=5.6 Hz. Oy, 4.89-4.94 55 
(dd, J=6.4, 7.8 Hz, a-CH), 5.13-5.30 (m, — CH=CH 2 ), 
5.81-5.93 (m, — CH=Oy, 7.20-7.33 (m, 5 PhH), 8.27 (c, 
J=7.8 Hz, NH), 8.58 (t, J=5.6 Hz. NH); 13 C NMR (DMSO- 
d*) 22.47 (C(O)CHj). 42.05 (CH 2 ), 55.24 (a-CH), 116.44 
(CH=CHj), 126.74 (C 4 .). 127.05 (2C 2 . or 2C y ). 128.24 so 
(2C 2 . or 2C 3 .), 134.76 (CH=CH 2 ), 139.25 (C r ). 168.78 
(C(0)CH 3 ), 168.99 (C(O)NH) ppm. 

EXAMPLE 127 

Synthesis of 2-Acetamido-N-benzyl-2-epoxyacetamide. 65 

A solution of 2-acetamido-N-benzyl-2-vinylacetamide 
(1.00 g, 4.31 mmol) and m-chloroperoxybenzoic acid (1.76 
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g, 55%, 5.60 mmol) in dichloromethane (100 mL) was 
stirred at room temperature (24 h), and then heated at reflux 
(3 h). The reaction solution was treated with a saturated 
aqueous Na2S0 3 solution (20 mL) and then the organic layer 
5 was extracted with a saturated aqueous NaHC0 3 solution 
(3x50 mL). The organic layer was washed with a saturated 
aqueous NaG solution and dried (Na 2 S0 4 ). The CH 2 Q 2 
was removed in vacuo, and the residue was then purified by 
flash column chromatography on Si0 2 gel using 4% MeOH/ 
io EtOAc as the eluant to give 0.35 g (33%) of the desired 
product: mp °C. (recrystallized from EtOAc); R^ 0.48 (5% 
MeOH/CHCl 3 ); A H NMR (DMSO-d 6 ) 8 1.87 (s, C(0)CH 3 ), 
2.66 (dd, J=2.5, 5.0 Hz, CH(O)CHH), 2.75 (dd, J=4.3, 5.0 
Hz, CH(O)CHH), 3.20 (m, CH(O)CHH), 4.25-4.32 (m, 
15 a-CH. ay, 7.21-7.34 (m, 5 PhH), 8.30 (d, J=8.1 Hz, NH), 
8.59 (t, J=5.8 Hz, NH); 13 C NMR (DMSO-d*) 22.18 (C(O) 
CH 3 ), 41.99 (CH 2 ), 43.91 (CH(O)Oy, 5 1.30 (CH(0)CH 2 ), 
53.80 (a-CH), 126.49 (C 4 .), 126.83 (2C 2 . or 2C 3 .), 127.98 
(2C 2 . or 2C 3 .)» 138.86 (C r ), 168.52 (C(O)NH), 169.24 
20 (C(0)CH 3 ) ppm. 

EXAMPLE 128 

Synthesis of Potassium 2-Acetamido-N-benzylacetamide-2- 
sulfonate. 

25 A solution of 2-acetamido-N-benzyl-2- 
(trimethylammonium)acetamide tetrafluoroborate (0.30 g, 
0.85 mmol) and K2S0 3 (0.68 g, 4.26 mmol) in H 2 0 (7.0 mL) 
was heated at 50°-55° C. (4 h). The solution was evaporated 
to dryness, and the residue was extracted with hot MeOH 
30 (3x10 mL). The MeOH was removed in vacuo to give a 
white solid (-30 mg): *H NMR (D 2 0) 8 1.97 (s, C(0)CH 3 ), 
4.33 (CH 2 ), 5.45 (CH), 7.19-7.28 (m, 5 PhH); 13 C NMR 
(D 2 0) 22.00 (C(0)CH 3 ), 43.41 (Oy, 67.77 (CH), 127.18 
(2C 2 . or 2C 3 .), 127.53 (C 4 .), 128.83 (2Q, or 2C 3> ), 137.58 
35 (C r ), 166.02 (C(O)NH), 173.65 (C(0)CH 3 ) ppm. 

EXAMPLE 129 

Synthesis of Ethyl 2-Acetamido-4-pentenoic acid ester. 

4 Q AUyltrimethylsilane (4.09 g, 3 1.40 mmol) was added to a 
stirred solution of ethyl 2-acetamido-2-bromoacetate (1.76 
g, 7.86 mmol) in dry THF (90 mL). After stirring (5 min), 
an ethereal solution of ZnQ 2 (IN, 12.2 mL, 12.2 mmol) was 
added and the stirring was continued (70 h). The THF was 
removed by distillation in vacuo and the residue that 
remained was treated with H 2 0 (50 mL). The aqueous 
mixture was extracted with CH 2 C1 2 (3x75 mL), the com- 
bined extract was dried (Na 2 S0 4 ) and concentrated to give 
1.40 g (97%) of the desired product. The ester was purified 
by distillation in vacuo (65°-70° C., 0.3-0.8 torr) to give the 
desired product as a colorless oil: R^ 0.35 (3% MeOH/ 
CHC1 3 ); a H NMR (CDQ 3 ) 8 1.25 (t, J=6.8 Hz, OCH 2 CH 3 ), 
1.99 (s, C(0)CH 3 ), 2.44-2.60 (m, CH 2 CH=CH 4.17 (q, 
1=6.8 Hz, OCH 2 CH 3 ), 4.60-4.66 (m, CH), 5.07-5.11 (m, 
CH 2 CH=CH 2 ), 5.59-5.70 (m, CH 2 CH=CH 2 ), 6.15 (br s, 
NH); 13 C NMR (CDQ 3 ) 14.09 (OCH 2 CH 3 ), 23.00 (C(O) 
CH 3 ), 36.46 (CH 2 CH=CH 2 ), 51.58 (CH), 61.39 
(OCH 2 CH 3 ), 118.95 (CH 2 CH=CH 2 ), 132.15 
(CH 2 CH=CH 2 ), 169.64 (C(0)CH 3 ), 171.74 (C(O) 
OCH 2 CH 3 ) ppm; mass spectrum, m/e (relative intensity) 
186 (M++1, 2), 144 (19), 126 (7), 112 (3 1), 102 (73), 87 (18), 
71 (100), 70 (89). 

EXAMPLE 130 

Synthesis of 2-Acetamido-4-pentenoic acid. 

Ethyl 2-acetaraido-4-pentenoic acid ester (1.20 g, 6.50 
mmol) was dissolved in 90:5 EtOH:H 2 0 (40 mL), and then 
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KOH (1.50 g, 26.80 mmol) was added and the resulting 
solution stirred at room temperature (48 h). The reaction was 
concentrated in vacuo and the residue diluted with H 2 0 (15 
mL) and then washed with E^O (2x30 raL). The aqueous 
layer was then made acidic with 8.5% H 3 P0 4 and extracted 5 
with EtOAc (3x75 mL). The combined organic layers were 
dried (Na^C^), and evaporated in vacuo to give 0.56 g 
(55%) of the desired product: mp 113°-115° C. 
(recrystallized from EtOAc); NMR (DMSO-d 6 ) 6 2.00 
(C(0)CH 3 ), 2.43-2.65 (m. CH 2 CH=CH^ 4.36-4.43 (m, 10 
CH), 5.19-5.30 (m, CHoCH=CH 2 ), 5.84-5.98 (m. 
CH 2 CH==CH 2 ). 8.29 (d, J=7.7 Hz, NH), 12.78 (hr s, OH); 
13 C NMR (DMSO-d 6 ) 22.35 (C(0)CH 3 ), 35.44 
(CH 2 CH=CH 3 ). 51.68 (CH), 117.70 (CH 2 CH=CH 2 ). 
134.07 (CH 2 CH=CH 2 ), 169.27 (C(0)CH 3 ), 173.11 (C0 2 H) 15 
ppm; mass spectrum, m/e (relative intensity) 158 (M*+l, 2), 

139 (6), 116 (20), 112 (8), 74 (73), 70 (47), 42 (100). 

Anal. Calcd for CjHiiNCV C, 53.50; H, 7.06; N, 8.91. 
Found: C. 53.64; H, 7.15; N, 8.82. 


Synthesis of 2- Acetamido4-pentenoic acid-N-benzylamide. 

4-Methylraorpholine (0.55 g, 5.40 mmol) was added to a 
cooled (-10° to -15° C.) THF solution (60 mL) of ^ 
2-acetamido4-pentenoic acid (0.81 g, 5.18 mmol), and then 
isobutylchloroformate (0.75 g. 5.70 mmol) was added lead- 
ing to the precipitation of a white solid. After 2 min, a 
solution of benzylamine (0.61 g, 5.70 mmol) in THF (10 
mL) was slowly added at -10° to -15° C. The reaction was 3Q 
allowed to warm (5 min) at room temperature and the 
insoluble salts were removed by Alteration, and the filtrate 
was evaporated to dryness. The residue was triturated with 
EtOAc (10 mL), and the remaining white solid was filtered 
to give 0.81 g (64%) of the desired product: mp 118°- 120° 35 
C. (recrystallized from ethyl acetate/cyclohexane); 0.36 
(4% MeOH/CHCl 3 ); IR (KBr) 3200 (br), 3040, 2900, 1650 
(br), 1540 (br), 1350, 750, 700 cm’ 1 ; 'H NMR (DMSO-d 6 ) 

5 1.83 (s, C(0)CH 3 ), 2.22-2.49 (m, CH 2 CH=CH 2 ), 4.26 (d, 
J=5.3 Hz, CH 2 Ph), 4.25-4.33 (m, CH), 4.99-5.09 (ra. ^ 
CH 2 CH=CH 2 ), 5.65-5.77 (m, 7.21-7.29 

(m, 5 PhH), 8.05 (d, J=7.6 Hz, NH), 8.46 (br s, NH); 13 C 
NMR (DMSO-d 6 ) 22.41 (C(0)CH 3 ), 36.24 
(CH 2 CH=CH 2 ), 41.91 (CH 2 Ph), 52.20 (CH), 117.15 
(CH 2 CH=CH 2 ). 126.54 (C 4 .), 126.99 (2C 2 . or 2C 3 .), 128.04 45 
(2C 2 . or 2C 3 .), 139.25 (C r ), 134.25 (CH 2 CH=CH 2 ), 169.02 
(C(0)CH 3 ), 170.96 (C(O)NH) ppm; mass spectrum, m/e 
(relative intensity) 246 (M + , 4), 205 (4), 163 (15), 140 (8), 

106 (33), 91 (77), 70 (100). 

Anal. Calcd for C 14 H 18 N 2 0 2 : C, 68.27; H, 7.37; N, 11.37. 5 0 
Found: C, 68.55; H, 7.31; N, 11.48. 

EXAMPLE 132 

Using the procedures described herein, the following 
compounds can also be synthesized: 55 

a-acetamido-N-benzyl-2-(2-oxazole)-acetamide 
a-acetamido-N-benzyl-2-(2-thiazole)-acetamide. 
Pharmacology. 

Using male Carwoith Farms #1 mice, compounds of the 
present invention were tested for anticonvulsant activity 60 
according to the following procedure: In the rotorod test, the 
animal was placed on a one-inch diameter knurled plastic 
rod rotating at 6 ipm after the administration of the drug. 
Normal mice can remain on a rod rotating at this speed 
indefinitely. Neurologic toxicity was defined as the failure of 65 
the animal to remain on the rod for one minute. In the 
horizontal screen test, previously trained mice were dosed 


80 

with the compound and placed individually on top of a 
square (13 cmxl3 cm) wire screen (no. 4 mesh) which was 
mounted on a metal rod. The rod was rotated 180°, and the 
number of mice that returned to the top of the screen was 
determined. Inability to climb to the top within one minute 
was defined as “neurological impairment”. This procedure is 
described in Pharmacol Biochem. Behav. 6, 351-353 
(1977) and is incorporated herein by reference with the same 
force and effect as if fully set forth herein. 

The dose effect behavior of the compounds was evaluated 
using the above-described procedures by the administration 
of varying dose levels, treating normally eight mice at each 
dose. Table I includes an evaluation of the Median Effective 
Dose (ED50) and the Median Toxic Dose (TD50) of repre- 
sentative compounds. Mice were tested with varying doses 
of the anticonvulsant to define the limits of complete pro- 
tection (or toxicity) and no protection (or no toxicity), as 
well as three points in between these limits. The Median 
Effective Dose (ED50) was defined as the dose which 
produced the desired endpoint in 50% of the animals. The 
Median Toxicity Dose (TD50) was the dose which elicited 
evidence of minimal neurological toxicity in 50% of the 
animals. 

More specifically, data tabulated in Table 1 were gener- 
ated as follows: 

The compound was given in various dose levels (i.e., 10, 
30, 100, 300 mg) and subsequently compared with 
phenytoin, phenobarbital, mephenytoin and phenacemide 
(See Table I). N-Acetyl-DX-alanine-N-benzylamide was 
tested at 600 mg/mL as well. Seizures were then artifically 
induced by either electroschock or pentylenetetrazole. Maxi- 
mal electroshock seizures (MES) were elicited with a 60 
cycle alternating current of 50 mA intensity (5-7 times that 
necessary to elicit minimal electroshock seizures) delivered 
for 0.2 sec via corneal electrodes. A drop of 0.9% saline was 
instilled in the eye prior to application of the electrodes so 
as to prevent the death of the animal. Protection in this test 
was defined as the abolition of the hind limb tonic extension 
component of the seizure. The Subcutaneous Pentylenetet- 
razole (Metrazol™) Seizure Threshold Test (sc Met) 
entailed the administration of 85 mg/kg of pentylenetetra- 
zole as a 0.5% solution subcutaneously in the posterior 
midline. This amount of pentylenetetrazole was expected to 
produce seizures in greater than 95% of mice. The animal 
was observed for 30 minutes. Protection was defined as a 
failure to observe even a threshold seizure (a single episode 
of clonic spasms of at least 5 sec duration). The results of 
these tests are tabulated in Table I. 

TABLE I 


Comparative Median Effective Dosage 


Tox MES sc Met 


Compound 

TD50 mg/kg ED50 mg/kg 

ED50 mg/kg 

N-acetyl-D^L-alanine- 

454 

77 

* 

N’-benzylamide 

(417-501)* 

(67-89)* 


N-acetyl-D-alaninc- 

214 

55 

55 

N’-benzylamide 

(148-262)* 

(50-60)* 

(43-67)* 

N-acetyl-L-alanine- 

841 

548 

* 

N’-benzylamide 

(691-594)* 

(463-741)* 


N-acetyl-D,L- 

pbenylglycine-N 1 - 

benzylamide 

»40 

32.1 

* 

N-acetyl-D-phenyl- 

glycine-NMxnzyl- 

amide 

»80 

26.4 

* 

N-acetyl-L-phenyl- 

glycine-N 1 -benzyl- 

100-300 

>300 

* 
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-continued 


TABLE I-continued 


Comparative Median Effective Dosage 


Compound 

Tbx MES sc Met 

TD50 mg/kg ED50 mg/kg ED 50 mg/kg 

5 

amide 





D,L-a-acetamido-N- 
benzyl-3- thiophene- 
acetamide 

>100 

87.80 

* 

10 

D^-a-acetamido-N- 
benzyl-2- thiophene- 
acetamide 

30-100 

44.80 



D,L-a-acetamido-N- 

benzyl-2-furan- 

acetamide 

40 

1033 

* 

15 

DJxx-acetamido*N- 
benzyl-2-pyrrole- 
acet amide 

<100 

16.10 

* 

D,L-2-acemmido-N- 
benzy 1-2-ethoxy- 
ace tamidc 

>112 

62.01 

5ft 

20 

DJ^-2-acetamido-N- 
benzyl-2-metboxy- 
acet amide 

<300 

98.30 

* 

(D,L)-a-Acetamido-N- 

benzyl-2-(5-methylfuran) 

acetamide 

75.4" 

19.2 

(16.4-23.8)* 

* 

25 

(D^-a-Acetamido-N- 

benzyl-2-benzofuran- 

acetamide 

>100000" 

>100000 

* 

p r L)-a-Acetamido-N- 
bcnzyl-2-bcnzo[b]-thio* 
phene acetamide 

>100000" 

>100000 

* 


(DJv)-a-Acctamido-N- 

bcnzyl-2-(5-mcthylpyTToIe) 

acetamide 

X 

363 

(30.6-57.1)* 

* 

30 

(D^L)-a-Acetamido-N-(2- 

fluorobenzyl)-2-furan- 

nncrnmidff 

X 

40.0 

* 


(D,L)-a-AcetamidoN-(3- 

fluorobenzyl>2-furan- 

acetamide 

135.6 

(114.9-161.8)" 

133 

(11.5-153)* 

* 

35 



Tox 
TD 50 
mg/kg 

MES 
ED 50 
mg/kg 

sc Met 
ED 50 
mg/kg 

2-acctamido-N-benzyl-2- 

?ft 

65.1 

5ft 

aminoacetamidc 


(56.2-75.3) 

45 

2-acctamido-N-benzyl-2- 

* 

80.2 

* 

(1-Pyrrolyl) acetamide 
2-acetamido-N-bcnzyl-2- 

* 

>100 

* 

(1-imidazo yl) acetamide 
2-acetamido-N-benzyl-2- 

* 

453 

* 

(N,N-dimethylamino)acetamide 
2-ace tamido-N-bcnzyl-2- 

* 

>30, <100 

* 5 ° 

(4-morpholinc)acetamide 

2-acetamido-N-bcnzyl-2- 

* 

>100 

* 

(N,N^-trimethylammonrum) 
acetamide tetrafluoroboratc 
2-acctamido-N-bcnzyl-2- 

* 

>300 

* 

(N-anilino)acctamide 

2-acetamido-N-benzyl-2- 

* 

-100 

55 

* 

(N-(3-pyrazolylamino)) 

acetamide 

2,2-diacetamido-N-benzyl- 

5ft 

>100,000 

5ft 

acet amide 

2-acetamidoN-benzyl-2- 

* 

>300 

* 60 

trifl uo ro ace tamido acetamide 
2-acetamido-N-benzyl-2- 

* 

-100 

* 

(N-hydroxy amino)acc tamide 
2-acetamidoN-benzyl-2- 

46.0" 

6.2 

* 



Tbx 
TD 50 
mg/kg 

MES 
ED 50 
mg/kg 

scMel 
ED 50 
mg/kg 

(N-methoxyammo)acetamide 

(38.0 . 56.0) 

(5 .4-7 .2) 


2-acetamido-N-benzyl-2- 
(N,(N-methylhydroxy amino)) 
acetamide 

* 

-30 

* 

2-acetamido-N-benzyl-2- 

503" 

6.7 

* 

rN-(N,Q-dimcthyIhydroxy- 

(40.4-59.9) 

(5 .7-7 .7) 


2-acetamido-N-benzyl-2- 

(N-isoxazoUdino)acctamidc 

* 

31.4 

(26.7-37.8) 

5ft 

2-acctamido-N-benzyl-2- 

(N^phenylhydrazino) 

acetamide 

* 

-100 

5ft 

2-acetamido-N-benzyl-2- 

(N^-benzyloxycarbonyl- 

hydrazino)acetamide 

* 

55.6 

(49.3-d3.9) 

5ft 

2-acctamido-N-benzyl-2- 

hydroxyacctamide 

* 

80.1 

(70.6-91.0) 

* 

2-acetamido-N-benzyl-2- 
( 1 -Pyrazoly 1) acetamide 

* 

163 

(14.1-223) 

5ft 

2-acctamido-N-benzyl-2- 
phenoxy acetamide 

5t 

>100 

qt 

2-acetamido-N-benzyl-2- 
(mc thy lmercapto)ace tamide 

5ft 

>100 

5ft 

2-acetamido-N-benzyl-2- 

(ethylmercapto)acetamide 

5ft 

>30, <100 

* 

2-acetamido-N-benzyl-2- 

(S-thiophenoxy)acctamide 

5ft 

>300 

5ft 

2 - acet amido-N-bcnzy 1-2- 
(ethylmercapto)acetaniide- 
S -oxide (diastereomer A) 

5ft 

>100 

* 

2-acctanrido-N-benzyl-2- 
(ethy!mercapto)acctamide- 
S-oxide (diastcrcomcis A + B) 

* 

>100 

5ft 

2-acetamido-N-benzyl-2- 

(cthylsulfonyl)acetamide 

* 

>100 

* 

(D^)-a-Acetamido-N-{4- 

144.4 

12.7 


fluorobenzyl>2-furan- 

acetamide 

(1223-170.9)" 

(10.4-15.1)* 


(DJL)-a-Acetamido-N-(24- 
difluoro benzyl)- 2- fuxan- 
acetamide 

X 

23.8 

(20.2-28.4)* 

* 

(D,L)-a-Acetamido-N-(2,6- 

difiuorobenzyl)-2-furan- 

acetamide 

X 

>25>100 

* 

(D)-(-)-a-Acctamido-N-benzyl- 
2-furanace tamide 

23.8" 

3.3 

(2.8-3 .9)* 

5ft 

(L)-{+)-oc-Acctamido-N-benzyI- 
2-funmacc tamide 

>300 

>100000 

5t 

(DJ>)-2‘Acetamido-4-pentenoic 

acid-N-benzylamidc 

X 

33.6 

5ft 

2-acetamido-N-benzyl-2- 
(2-Pyridyl) acetamide 

5ft 

83 

* 

(D,L)-2-Acetamido-N-benzyl- 
2-(methylamino)ace tamide 

95.0 

443 

(37.0-52.4)* 

* 

(DJL)-2-Acctamido-N-benzyl- 

2-(ethylamino)acetamide 

X 

42.4 

(37.2-47.8)* 

5ft 

(DL)-2-Acetamido-N-benzyI- 
3-indoleace tamide 

X 

XXX 

* 

phenytion 

66 

10 

not 

effective 

phenobarbital 

69 

22 

13 

mephenytion 

154 

61 

31 

phenacemide 

421 

87 

116 


(337-549)* 

(74-100)* 

(71-150)* 


*95% confidence intervals. 

* or x The TD50 for this substrate was not computed. 

"The TD50 value was detennined using the horizontal screen test 
xxx No activity was noted at £300 mg/kg 


Other results from the pharmacological protocols are 
summarized in Tables JL, HI and IV. 
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TABLE II 


Selected Physical and Pharmacological Bata in Mice for a-Acetamido-N-benzyl-2- 
furanacetamidc (2>Dcrivativcs.° 


CMP # Ra 


Rb Re 


X R fl Y 

II I II 

CH 3 CNH— C— C—NHRe 

R* 


X Y 


MES° Tox d 

mp b ED 50 mg/kg TD^ mg/kg PP 


3a 


3b 


o 

-O 


H C^CH^Hs 


H CH 2 CJi 5 


O 0 159-161 51.7 f 

(44.4—59.9) 


O O 130-132 89,8 f 

(78.4-103.4) 


4 

^ O ^ 

CHzCfiH, O 0 

— h >300 

f — 

5 

o - 

CHzCeHs S 0 

78-80 18.4 

(15.9-22.0) 

f — 

6 

o - 

CHjCeHs S S 

99-101 >100 

f — 

7 

o - 

c ° ° 

172-174 -30 

f — 

8 

O' 

o 

5 * 

o 

o 

168-170 >100 

f — 

9 

O' 

0 0 0 
t 

159-161 -30 

f — 






10 

O' 
^ 0 ^ 

r~\ o o 

CH 2 — i! N— >0 

210-212 >100 

f — 

11 

O' 

jr\ 

NHNH —If J 

N <=/ 

226-228 >100 

f — 

12 

O' 

c,_Q- f 00 

188-190 12.7 

(10.4-15.1) 

144 11.3 

(123-171) 

(R>12 

O' 

c„,hQh, 00 

206-207 3.5 

(2.9-4 .4) 

14.4 4.1 

(7.3-28.9) 
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TABLE II-continued 


Selected Physical and Fhaimacological Data in Mice for o-Acetamido-N-benzyl-2- 
furanacetamidc (2VX>crivatives * 


X Y 

II I II 

CH 3 CNH— C — C— NHRc 

R* 


MES° Tbx d 

CMP# Ra Rb Rc X Y mp b ED 30 mg/kg TD 30 mg/kg PP 



phenytoin 

9.5 

65.5* 

6.9 


(8.1-10.4) 

(52.5-72.1) 


pbenobarbital 

21.8 

69.0* 

3.2 


(15.0-22.5) 

(62.8-72.9) 


valproate 

272 

426* 

1.6 


(247-338) 

(369-450) 



The compounds were administered intrapcritoncally. ED 50 and TD^ values are in milligrams per kilogram. Numbers in parentheses 
are 95% confidence intervals, lime of peak effects in hours as determined in the Experimental Section is denoted in brackets. 
^Melting points (°C.) are unconnected. 

°MES = maximal electroshock seizure test. Compound was suspended in 30% PEO. 

*Ibx = neurologic toxicity determined from horizontal screen unless otherwise noted 
*PI a protective index (TD^^ED^). 
f Not determined 
‘Thick oil. 
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TABLE m 


TABLE Hi-continued 


Selected Physical and Pharmacological Data in Mice for 
N-Substi tuted a,ct-Diamino Acid Derivatives.* 

40 


Selected Physical and Pharmacological Data in Mice for 
N-Substi tuted q,a-Diamino Acid Derivatives . 0 


0 

II 


R 2 

I 


O 

II 


CHjCNH-CH— CNHCHiPh 


O R 2 O 


II I II 

CH 3 CNH — CH — CNHCHiPh 


MES* tox d 


no 

R 2 

mp b 

EDjo 

td 3 

2 c 

NHC(0)CH3 

202-204 

>30, 

<100 

e 

2 f 

NHC(0)0Ph 

201-203 

>100 

e 

28 

NHC(0)NHCH 3 

229-230 

>100 

e 

2 h 

NHC(0)NHPh 

242-244 

>100 

e 

2 i 

NHC(0)NHS(0 2 )Ph 

188-191 

>100 

e 

2 j 

NHC(S)NHCH 3 

162-163 

>100 

e 

2 k 

NHC(S)NHPh 

196-197 

>100 

e 

21 

NHC(0)Ph(2’-C0 2 H) 

186-188 

>100 

e 

2 m 

O 

181-183 

>100 

e 



MES C tox* 

no R 2 mp b EDjo TD X 


phenytoin 

95 

65. 5 f 


( 8 . 1 - 

(52.5- 


10.4) 

72.1) 

pheno- 

21.8 

69.0' 

barbital 

(15.0- 

(62.8- 


22.5) 

72.9) 

valproate 

272 

426 f 


(247- 

(369- 


338) 

450) 


“The compounds were administered intraperitoneally. EDjq and TD 50 values 
are in milligrams per kilogram. Numbers in parentheses are 95% confidence 
intervals. Time of peak effects in hours as determined in the Experimental 
60 Section is denoted in brackets. 

^Melting points (°C.) are uncorrected 


2 n 

NHC(0)CH a NHC(0)OCH 2 Ph 

177-179 

> 10 , 

<30 

e 

2 o 

NHCH 2 C(0)0CH 2 CH3 

125-127 

>100 

e 

2 p 

2 q 

NHCH 2 C(0)0CH 2 Ph 

NHjCHzCOi- 

133-135 

124-126 

72 

74 


°MES = maximal electroshock seizure test. Compound was suspended in 30% 
PEO unless otherwise noted. 

d Tbx = neurologic toxicity determined from horizontal screen unless other- 
wise noted. 

65 e Not determined 

Neurologic toxicity determined using the rotorod test 
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TABLE IV 


What is claimed is: 

1. A compound of the formula 


Pharmacological Data in Mice for cx-Acetamido-N- 
Bcnzv 1-2 -Heterocyclic Derivatives 


OH O 

II I II 

CH 3 -C— N— CH— C— NHCH 2 
R 2 



MES ft tox b 

ED 50 TD 50 


80.2 



16.5 66.9 

(55.6-81.1) 


>100 


>30, <100 


>300 


5 


10 


15 


20 


25 


30 


35 


R 2 (I) 

R~hm(C~CNH) n C— Ri 
Q R 3 A 

or the N-oxide thereof or pharmaceutically acceptable 
salts thereof wherein 

R is aryl, aryl lower alkyl, heterocyclic or heterocyclic 
lower alkyl, cycloalkyl, lower cycloalkyl, lower alkyl, 
wherein R is unsubstituted or is substituted with at least 
one electron withdrawing group or an electron donating 
group; 

Ri is hydrogen or lower alkyl, lower alkenyl, lower 
alkynyl, aryl lower alkyl, aryl, heterocyclic lower alkyl, 
heterocyclic lower cycloalkyl, lower cylcoalkyl, lower 
alkyl, and R 2 is unsubstituted or substituted with at 
least one electron withdrawing substituent or at least 
one electron donating substituent; 

R 2 and R 3 are independently hydrogen, lower alkyl lower 
alkenyl, lower alkynyl, heterocyclic, heterocyclic 
lower alkyl, lower alkyl heterocyclic, lower cycloalkyl, 
lower cycloalkyl lower alkyl, S0 3 31 or Z— Y wherein 
R 2 and R 3 may be unsubstituted or substituted with at 
least one electron withdrawing group or electron donat- 
ing group; 

Z is O, S(0) fl , NR 4 , mercaptoalkyl, alkylthio; or a chemi- 
cal bond; 

Y is hydrogen, lower alkyl, aryl, aryl lower alkyl, lower 
alkenyl, lower alkynyl, halo, heterocyclic or heterocy- 
clic lower alkyl, cycloalkyl, cycloalkyl lower alkyl and 
Y may be unsubstituted or substituted with an electron 
donating group or an electron withdrawing group pro- 
vided that Z is a chemical bond only when Y is halo; or 

ZY taken together is NR 4 OR 5 , ONR^, 

SNR^, NR 4 SR7, SPR^, 


SC>2NMe2 


/=- N 


>100 


NR<C-R 5 , SC— R 5 , NR 4 C-OR 5 , SC-OR 5 , NR 4 C-NR 5 R 6 , 

40 OOOO O 

NR 4 C-NR 5 S(0) a R« I NR 4 C-NR 5 R 6 , NR 4 CMNR 5 COR« or C-NH 2 ; 
O S Q A S 


N NH 


>100 


>100 


>100 


>100 


45 


50 


55 


A MES s maximal electroshock seizure test. Compound was suspended in 30% 
PE<3. 

hTOX = neurologic toxicity determined from horizontal screen unless oth- 
erwise noted. 

Thus, while the invention has been described with refer- 
ence to certain preferred embodiments, those skilled in the 
art will realize that changes and modifications may be made 
thereto without departing from the full and intended scope of 
the appended claims. 
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R 4 , R 3 and R 6 are independently hydrogen, lower alkyl, 
aryl, aryl lower alkyl, lower alkenyl, or lower alkynyl, 
wherein R 4 , R 5 and R^ may be unsubstituted or sub- 
stituted with an electron withdrawing group or an 
electron donating group; 

R 7 is R*, COORg or COR 8 ; 

R 8 is hydrogen or lower alkyl or aryl lower alkyl; 

n is 1-4 and 

a is 1-3 

M is a lower alkylene chain, and A and Q are indepen- 
dently O or S with the provisio that at least one of A or 
Q is S. 

2. The compound, according to claim 1 wherein A is S. 

3. The compound according to claim 1 wherein A and Q 
are S. 

4. The compound according to claim 1 wherein one of R 2 
and R 3 is H. 

5. The compound according to claim 4 wherein one of R 2 
and R 3 is H and the other is heterocyclic. 

6. The compound according to claim 5 wherein hetero- 
cyclic is furyl, pyrrolyl, pyrazoyl, epoxy, oxazolyl, 
iraidazolyl, tetraxolyl, triazolyl, or oxadiaxoyl. 
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7. The compound according to claim 6 wherein hetero- 
cyclic is furyl, pyrrolyl, pyrozolyl, or pyridyl. 

8. The compound according to claim 1 wherein one of R 2 
and R 3 is H and the other is Z — Y. 

9. The compound according to claim 8 wherein Z — Y is 
N.O-diraethylhydroxyamino, N-methylhydroxyamino 
N-methyoxyamino, ethylamino or methylamino or 
hydrazino. 

10. A compound of the formula 


R — NH(C — CNH)„C — Ri 

II I II 

Q R 3 A 

or the N-Oxide thereof or pharmaceutically acceptable salts 
thereof wherein 

R is aryl, aryl lower alkyl, heterocyclic or heterocyclic 
lower alkyl, cycloalkyl, lower cycloalkyl lower alkyl, 
wherein R is unsubstituted or is substituted with at least 
one electron withdrawing group or an electron donating 
group; 

R x is hydrogen or lower alkyl and R x is unsubstituted or 
substituted with at least one electron withdrawing sub- 
stituent or at least one electron donating substituent; 

one of R 2 and R 3 is hydrogen, and the other is S0 3 — , 

A and O are independently 0 or S and n is 1-4. 

11. The compound according to claim 10 wherein Q and 
A are both O. 

12. A compound of formula 


R— NH(C— CNH)«C— Ri 
Q R 3 A 

or the N-Oxide thereof or pharmaceutically acceptable salts 
thereof wherein 

R is aryl, aryl lower alkyl, heterocyclic or heterocyclic 
lower alkyl, cycloalkyl, lower cycloalkyl, lower alkyl, 
wherein R is unsubstituted or is substituted with at least 
one electron withdrawing group or an electron donating 
group; 

R x is hydrogen or lower alkyl and R x is unsubstituted or 
substituted with at least one electron withdrawing sub- 
stituent or at least one electron donating substituent; 

Rj and R 3 are independently hydrogen, alkyl, or Z — Y 
wherein R 2 and R 3 may be unsubstituted or substituted 
with at least one electron withdrawing group or elec- 
tron donating group; 

Z is S(0) fl , mercaptoalkyl, or alkylthio 

Y is hydrogen, lower alkyl, aryl, aryl lower alkyl, lower 
alkenyl, lower alkynyl, heterocyclic or heterocyclic 
lower alkyl, cycloalkyl, cycloalkyl lower alkyl and Y 
may be unsubstituted or substituted with an electron 
donating group, or an electron withdrawing group pro- 
vided that when Y is halo, Z is a chemical bond; or 

ZY taken together is NR+ 

C — NRj, NR4C— NRj, SCRs, NR4C— OR 3 , NR4C— NR5R* 

0 OOO S 

NR*CMNRs — C — OR« C— NH 2 or NR 4 CNR 3 —*S(0) fl R$ 

Q A S O 

R 4 , R 5 and R$ are independently hydrogen, lower alkyl, 
aryl, aryl lower alkyl, lower alkenyl, or lower alkynyl, 


wherein R 4 , R 5 and R 6 may be unsubstituted or sub- 
stituted with an electron withdrawing group or an 
electron donating group; 
n is 1-4 and 
a is 1-3 

M is lower alkylene, and A and Q are independently 0 or 
S with the provisio that at least one of R 2 and R 3 is 
Z — Y. 

13. The compound of claim 12 wherein A and Q are both 
oxygen. 

14. A compound of the formula 


R-NH(C-CNH)*C-Ri 

II I II 

Q R 3 a 

or the N-Oxide thereof or pharmaceutically acceptable salts 
thereof wherein 

R is aryl, aryl lower alkyl, heterocyclic or heterocyclic 
lower alkyl, cycloalkyl, lower cycloalkyl, lower alkyl, 
wherein R is unsubstituted or is substituted with at least 
one electron withdrawing group or an electron donating 
group; 

R x is hydrogen or lower alkyl and R x is unsubstituted or 
substituted with at least one electron withdrawing sub- 
stituent or at least one electron donating substituent; 

R A and R 3 are independently hydrogen, amino, pyrrolyl, 
N, N-dimethylamino, morpholinyl, pyrazinyl, — NH 
OCH 3 , methylhydroxyamino, (N,0 — ) 

dimethylhydroxy amino 


O 


-NHC -CHjNH- COCH 2 Ph, or 


or epoxy, and n is 1-4, provided that at least one of R 2 
40 and R 3 is other than hydrogen. 

15. The compound according to claim 14 wherein Q and 
A are both 0. 

16. The compound according to any one of claims 1-15 
wherein n is 1. 

45 17. The compound according to any one of claims 

l-15wherein R is lower arylalkyl which is unsubstituted or 
substituted with an electron donating group or electron 
withdrawing group. 

18. The compound according to claim 17 wherein R is 
50 benzyl which is unsubstituted or substituted with an electron 

withdrawing group or electron donating group. 

19. The compound according to claim 18 wherein R is 
unsubstituted benzyl or 


60 20. The compound according to any of claims 1-15 

wherein R x is lower alkyl 

21. The compound according to claim 20 wherein R x is 
methyl. 

22. A compound selected from the group consisting of 
65 ethyl 2-acetamido-2-aminoacetate, ethyl 2-acetamido-2- 

(methylamino)acetate, ethyl 2-acetamido-2-(N,N- 
dimethylamino)acetate, ethyl 2-acetamido-2-(4- 
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morpholine)acetate, ethyl 2-acetamido-2-(N-anilino)acetate. 
ethyl 2-acetamido-2-(N-(3-pyrazolylamino))acetate, ethyl 
2-acetamido-2-(N-hydroxyamino)acetate, ethyl 
2-acetamido-2-(N-(N-methylhydroxyamino))acetate, ethyl 
2-acetamido-2-(N-(N,0-diraethylhydroxyainino))acetate, 
2-acetamidc^N-benzyl-2-aminoacetaraide, 2-acetamido-N- 
benzyl-2-(methylamino)acetamide. 2-acetaraido-N-benzyl- 
2-(ethylamino)acetamide, 2-acetamido-N-benzyl-2-(N- 
anilino)acetamide, 2-acetamido-N-benzyl-2(N-(3- 
pyrazoiylamino))acetamide, 2-acetamido-N-benzyl-2-(N^I- 
dimethylamino)acetamide, 2-acetamido-N-benzyl-2-(N- 
hydroxyaraino)acetamide, 2-acetamido-N-benzyl-2-(N- 
hydroxyamino)acetamide, 2-acetamido-N-benzyl-2-(N 2 - 
phenylhydrazino)acetaraide, 2-acetamido-N-benzyl-2-(N 2 - 
benzyloxycarbonylhydrazino)acetamide, 2-acetamido-N- 
benzyl-2-phenoxyacetamide, 2-acetamido-N-benzyl-2- 
(methylmercapto)acetamide, 2-acetamido-N-benzyl-2- 
(ethylmercapto)acetamide, 2-acetamido-N-benzyl-2-(N- 
methoxyamino)acetamide, 2- ace tamido-N- benzyl- 2-(N-(N- 
methylhydxoxyamino))acetamide, 2-acetamido-N-benzyl-2- 
(N-(N,0-dimethylhydroxyamino))acetamide, 2-acetamido- 
N-benzyl-2-(N-isoxazolidino)acetamide, 2-acetaraido-N- 
benzyl-2-hydroxyacetamide, 2-acetaraido-N-benzyl-2- 
(ethylmercapto)acetamide, 2,2-diacetamido-N- 
be n zy la cet amide, 2-acetamido-N-benzyl-2- 
trifluoracetaraidoacetaraide, 2-acetamido-N-benzyl-2-(N ,N, 
N-triraethylamraonium)acetamide tetrafluoroborate, 
2-acetamido-N-benzyl-2-(ethylmercapto)acetamide-S- 
oxide, 2-acetamido-N-benzyl-2-(S-ethylraercapto) 
acetamide-S -oxide, 2-acetamido-N-benzyl-2- 
(ethanesuifonyl)acetamide, 2-acetaraido-N-benzyl-2-(N,N, 
N-trimethylammonium)acetamide tetrafluoroborate, 
2-acetamido-N-benzyl-2-( l-pyrrole)acetamide, 
2-acetamido-N-benzyl-2-(l-imidazole)acetamide, 
2 -acetaraido-N-benzyl-2-(l-pyraz ole) acetamide, 
2-acetamido-N-benzyl-2(l-(l,2,4-triazole))acetamide, 
2-acetamido-N-benzyl-2(l-tetrazole))acetamide, 
a-acetamido-N-benzyl-2-pyridylacetamide, a-acetamido- 
N-benzyl-2-pyridyl acetamide N-oxide, a-acetamido-N- 
benzyl-2-(S-thiophenoxy)-acetamide, oc-acetamido-N- 
benzyl-2-(tetrahydrofuran)acetamide, methyl a-acetamido- 
2-methyl-2-furanacetate, a-acetamido-2-methyl-2- 
furanacetic acid, a-acetamido-N-benzyl-2-methyl-2- 
furanacetamide, a-thioacetaraido-N-benzyl-2- 
furan acetamide, a-thioacetaraido-N-benzyl-2- 
furanthioacetamide, a-acetamido-N-(3-pyridinylmethyl)-2- 
furanacetamide, a-acetamido-N-(4-pyridinylmethyl)-2- 
furanacetamide. a-acetamido-N-(l-oxo-3-pyridinylmethyl) 
-2 -furan acetamide, a-acetamido-N-(l-oxo-4- 
pyridinylmethyl)-2-furanacetamide. R(-)a-acetamido-N- 
(4-fluorobenzyl)-2-furanacetamide, R(-)a-acetamido-N-(4- 
trifluoromethylbenzyl)-2-furanacetamide, methyl 
[acetamido(benzylcarbamoyl)methyl]carbomate, phenyl 
[acetaraido(benzylcarbamoyl)methyl]carbomate, 
l-[acetamido(benzylcarbamoyl)methyl]-3-methylurea), 
l-[acetamido(benzylcarbamoyl)methyl]-3-phenylurea), 

1- [acetamido(benzylcarbamoyl)methyl]-3- 
benzenesulfonylurea), l-[acetamido(benzylcarbamoyl) 
methyl]-3-methylthiourea), l-[acetamido(benzylcarbamoyl) 
methyl)-3-phenylthiourea), N-[acetamido 
(benzylcarbamoyl)raethyl]phthalamic acid), 2-acetamido- 
N-benzyl-2-(N-succiniraidyl)acetamide), benzyl 
N-[acetamido(benzylcarbamoyl)methyl]malonamate, ethyl 
N-[acetamido(benzylcarbamoyl)methyl]glycinate, benzyl 
N-[acetaraido(benzylcarbamoyl)methyl]glycinate, 
N-[acetamido(benzylcarbomoyl)methyl] glycine, 

2- acetamide-N-benzyl-2-(l-pyrrole)acetamide, 


2-acetamido-N-benzyl-2-(l-pyrazole)acetamide, 

2-acetamido-N-benzyl-2-(l-imidazole)acetamide. 

2-acetamido-N-benzyl-2-(l-(l,2,4-triazole))acetamide, 

2-acetamido-N-benzyl-2-(l-tetrazole))acetamide, 

5 a-acetamido-N-benzyl- l-(dimethylsuffamoyl)imidazole-4- 
acetamide, a-acetanndo-N-benzyl-4-imidazole acetamide, 
ct-acetamido-N-benzyl-2-imidazole acetamide. 
<X-acetamido-N-benzyl-5-(tetrazole) acetamide, 
a-acetamido-N-benzyl-3-(l,2,4-triazole)acetamide. 

1Q a-acetamido-N-benzyl-2-(carboxamide oxime)acetamide, 
a-acetamido-N-benzyl-2-(carboxamide oxime- (O- acetate) )- 
acetamide, a-acetamido-N-benzyl-3-(l,2,4-oxadiazole) 
acetamide, cc-acetamido-N-benzyl-2-(thioamide) 
acetamide), 2-acetamido-N-benzyl-2-vinylacetamide, 
2-acetamido-N-benzyl-2-epoxyacetaraide, potassium 

15 2-acetamido-N-benzylacetamide-2-sulfonate, 2-acetamido- 
4-pentenic acid-N-benzylamide, oc-acetamido-N-benzyl-2- 
(2-oxazole)-acetamide, and a-acetamido-N-benzyl-2-(2- 
thiazole)-acetamide. 

23. An anti-convulsant composition comprising an anti- 

20 convulsant effective amount of a compound from any one of 

claims 1-15 and 22 and a pharmaceutical carrier therefor. 

24. An anti-convulsant composition comprising an anti- 
convulsant effective amount of a compound from claim 16 
and a pharmaceutical carrier therefor. 

25 25. An anti-convulsant composition comprising an anti- 

convulsant effective amount of a compound from claim 17 
and a pharmaceutical carrier therefor. 

26. An anti-convulsant composition comprising an anti- 
convulsant effective amount of a compound from claim 18 

30 and a pharmaceutical carrier therefor. 

27. An anti-convulsant composition comprising an anti- 
convulsant effective amount of a compound of claim 19 and 
a pharmaceutical carrier therefor. 

28. An anti-convulsant composition comprising an anti- 

35 convulsant effective amount of a compound of claim 20 and 

a pharmaceutical carrier therefor. 

29. An anti-convulsant composition comprising an anti- 
convulsant effective amount of a compound of claim 21 and 
a pharmaceutical carrier therefor. 

40 30. A method of treating CMS disorders in an animal 

comprising administering to said animal an anti-convulsant 
effective amount of a compound according to any one of 
claims 1-15 and 22. 

31. A method of treating CNS disorders in an animal 

45 comprising administering to said animal an anti-convulsant 

effective amount of a compound of claim 16. 

32. A method of treating CNS disorders in an animal 
comprising administering to said animal an anti-convulsant 
effective amount of a compound of claim 17. 

50 33. A method of treating CNS disorders in an animal 

comprising administering to said animal an anti-convulsant 
effective amount of a compound of claim 18. 

34. A method of treating CNS disorders in an animal 
comprising administering to said animal an anti-convulsant 

55 effective amount of a compound of claim 19. 

35. A method of treating CNS disorders in an animal 
comprising administering to said animal an anti-convulsant 
effective amount of a compound of claim 20. 

36. A method of treating CNS disorders in an animal 

60 comprising administering to said animal an anti-convulsant 

effective amount of a compound of claim 21. 

37. The compound according to any one of claims 1, 10, 
12 or 14 wherein n is 1 and R is lower alkyl which is 
un substituted or substituted with an electron donating group 

65 or electron withdrawing group. 

38. The compound according to any one of claims 1, 10, 
12 or 14 wherein n is 1; R 2 is methyl and R is lower arylalkyl 
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which is unsubstituted or substituted with an electron with- 
drawing group or electron donating group. 

39. A compound of the formula 

Ri (i) 

R — NH(C — CNH)*C — Ri 

II ( II 

Q A 

or the pharmaceutically acceptable salts thereof wherein 

R is aryl, aryl lower alkyl, heterocyclic, heterocyclic 
lower alkyl, cycloalkyl or lower cycloalkyl lower alkyl, 
wherein R is unsubstituted or is substituted with at least 
one electron withdrawing group or an electron donating 


40. The compound according to claim 39 wherein one of 
R 2 and R 3 is hydrogen and the other is lower alkyl substi- 
tuted with an electron donating group. 

41. The compound according to claim 40 wherein one of 
5 Rj and R 3 is alkyl substituted with an electron donating 

group wherein alkyl is methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, t-butyl, amyl or hexyl. 

42. The compound according to claim 41 wherein one of 
R 2 and R a is methyl substituted with an electron donating 
group. 

10 43. The compound according to claim 42 wherein the 

electron donating group is lower alkoxy. 

44. The compound according to claim 43 wherein lower 
alkoxy is methoxy. 

45. The compound according to any one of claims 39-44 


group; 

R x is hydrogen or lower alkyl and Rj is unsubstituted or 
substituted with at least one electron withdrawing 
group or at least one electron donating group; 

A and Q are both O; 

one of R 2 and R 3 is hydrogen and the other is lower alkyl 
which is substituted with an electron donating group or 
a electron withdrawing group and n is 1-4. 


is wherein n is 1. 

46. An anti-convulsant composition comprising an anti- 
convulsant effective amount of a compound from any one of 
claim 37-42 and a pharmaceutical carrier therefor. 

47. A method of treating CNS disorders in an animal 
2 q comprising administering to said animal an anti-convulsant 

effective amount of a compound of any one of claims 39-44. 

* * * * * 
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Exhibit F 

A brief description of significant activities undertaken by the sponsor, Schwarz Biosciences, Inc. 
(“Schwarz”) (or its predecessor in interest), during the regulatory review period for VIMPAT® 
(lacosamide) injection, together with applicable dates, follows below. 

1. Overview 


Between November 14, 2003 and September 28, 2007, Schwarz conducted two clinical studies 
of VIMPAT® injection to identify the appropriate infusion duration(s) for VIMPAT® as short- 
term replacement for oral VIMPAT® and to provide data to support the safety of that infusion 
duration. Schwarz also conducted at least four pharmacokinetic and pharmacodynamic studies. 

Between September 28, 2007 and October 28, 2008, Schwarz responded to numerous requests 
for information from FDA. The dates of those responses are summarized in Section 4. 


2 . 


Key Regulatory Dates 


October 15, 2003 
November 14, 2003 
December 24, 2003 

December 9, 2004 

July 19, 2006 
September 6, 2006 

September 28, 2007 


IND 68,407 submitted to FDA 

FDA notification (via telephone) that IND 68,407 is in effect 
FDA confirmation (via letter) that IND 68,407 is in effect 1 

End-of-Phase II Meeting with FDA 

Pre-NDA Meeting with FDA 

Meeting with FDA regarding abuse liability 

NDA 22-254 submitted to FDA 


October 22, 2007 

FDA 

December 10, 2007 

FDA 

July 31, 2008 

FDA 

October 28, 2008 

FDA 


1 Applicant notes that IND 57,939 for VIMPAT® (lacosamide) tablet went into effect on May 19, 1999. 
Thus, certain dates relating to that IND may be relevant should the FDA determine that the present 
application is entitled to that date. Applicant will supplement this Exhibit upon request should 
information from IND 57,939 be determined by the FDA to be relevant. 
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3. Summary of Phase III Clinical Studies 


Start 

Stop 

Study 

FSI 04 Mar 2004 

LSO 17 Aug 2004 

SP616 (multicenter, double-blind, double- 
dummy randomized study to investigate safety, 
tolerability, and pk of intravenous lacosamide as 
replacement for oral lacosamide in subjects with 
partial seizures with or without secondary 
generalization) 

FSI 03 Feb 2005 

LSO 10 May 2006 

SP757 (multicenter, open-label study to 
investigate the safety and tolerability of 
intravenous lacosamide as replacement for oral 
lacosamide in subjects with partial seizures with 
or without secondary generalization) 


4. NDA Amendments 

Following the initial submission of the NDA on September 28, 2007, Schwarz submitted 
additional information to FDA on the following dates: 


November 26, 2007 
December 13, 2007 
January 23, 2008 
February 13, 2008 
February 22, 2008 
March 20, 2008 
April 3, 2008 
April 9, 2008 


April 14, 2008 
April 18, 2008 
April 30, 2008 
May 9, 2008 
May 27, 2008 
June 1 1 , 2008 
July 11,2008 (2) 
July 17, 2008 


July 30, 2008 
August 1 , 2008 
August 14, 2008 
August 27, 2008 
September 4, 2008 
September 23, 2008 
October 15, 2008 
October 21, 2008 


5. Additional Information 

A more detailed description of the activities undertaken by the NDA holder, including those 
otherwise listed above in this Exhibit, is set forth in the IND 68,407 Submissions and NDA 22- 
254 Submissions tables (each table being produced across multiple pages that are independently 
numbered) produced on the remainder of the pages of this Exhibit. 
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Date No Location Type Study No Title/J)escri£tion Mfr Control No Subject No 

15-Sep-04 General Correspondence Email Ms. Griffis, FDA, question on how 

the FDA will proceed with review of the 
CMC section. 


CO 

CO 

CO 

CD 

CO 

cr> 

Ytf- 

CD 

CO 

CO 

in 

CO 

CO 

o 

o 

CO 

T™ 

CD 

CSI 

CM 

CM 

o 

Y— 

X — 

00 

CO 


CT> 


m 

CO 

CO 

CO 

o 

o 

m 

Yf 

o 

O’ 

o 

o 

o 

o 

m 

00 

00 

Y — 

Y— 

22 

Y — 

00 

Y— 

Y— 

Y — 

Y — 

00 

00 



<T> 







o 

o 



o 


X— 





CO 

co 



CO 


CO 





CO 

CO 



YT 


CD 





Y” 

Y — 



Y— 


Y — 






CO 

CO 



oo 

r-» 

CO 

CO 

O 

O 

CO 

in 

in 

V" 

m 

CM 

o 



OO 

00 


m 

in 

m 

m 

y* 

m 


m 

m 

m 

CO 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

9 

Q 

9 

9 

o 

9 

o 


9 

o 

o 

s 

g 


I 


3 

I 


t 

■yJ- 

o 

s 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 


o) = E 

I 

8 j?| 

C </> 

CO £ 03 
£ 

</) o $ 

!S 0 m ■ 
CD — TR 

E.S2 5-S 

a> +- *- <D 

- C +Z Q) 

< 0) .SG 

See 

- <d 


x 3 


C 

w 


O) 


w O o 

1 III 

« c « « 

2 .o x: te 


o 

CL 

s> 

I 1 

CD 

</) 

> 

CD 

2 

£ 


w 

E 

■c 

O 

</> 

2 

x 

CD 

LL 


■e 

t 

o 

o 

CL 

Q. 

CD 

0) 


h_ 


* 

£ 

£ 

CD 

CD 

(0 

t/> 

>> 

>> 

CD 

CD 

*9 

V 


h- 

< 

< 

Q 

Q 

LL 

U- 

</) 

l/>" 

E 

E 

•C 

E 

O 

O 

</> 

0) 

2 

5 

X 

X 

(D 

CD 

LL 

U. 


CM 

CM 

CM 

CM 

CM 


O' 

Y!t 

yt 

yJ" 

r- 

h>- 

r*- 


r*. 

CL 

Ol 

CL 

Q_ 

0. 

CO 

(0 

C0 

(0 

(0 


CO 

co 

in 

m 

in 

s 

yt 

O' 

T— 



h- 


CO 

5 

CO 


0. 

cl 

0. 

CL 

0. 

0. 

CO 

(0 

CO 

(0 

CO 

CO 




tr 

•e 

o 

o 

CL 

Q. 

a> 

CD 

a: 

a: 

& 

& 

£ 

0) 

CD 

CD 

CO 

CO 

Q. 

Q. 

D 

3 

| 

1 

O 

O 

LL 

LL 


■e 

0 

CL 

St 

1 

CD 

(0 


-e 

■c 

■e 

o 

o 

o 

CL 

CL 

CL 

CD 

a> 

CD 

DC 

O' 

ot 

* 

* 

& 


a) 

£ 

CD 

CD 

CD 

CO 

CO 

CO 

>Y 

>* 

>Y 

CD 

CD 

CD 

Q 

Q 

a 


h- 

co 

CO 

CD 

CD 

CD 

o 

Y— 

m 

in 

in 

m 

in 

in 

co 

CO 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


? 

CL 

a> 

? 

CL 

CD 

i 

CD 

i 

CD 

? 

Q. 

CD 

i 

CD 

i 

CD 

I 

s 

3 

§ 

o 

§ 

o 

GO 

CO 

CO 

CO 

CO 

CO 

CO 

9 

9 

9 

9 


d> 

r^ 

hi. 

O) 

d) 

CD 

00 

CO 

CO 

in 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

o 

Y— 

Y— 

Y - 


Monday , November 10 , 200 # /AT) 68,407 Page 9 of 68 








1 5 


m 

o> 

CD 

h- 

oo 

co 

o 

co 

<N 

CM 


CD 

O 

CD 

co 


CO 

CM 

CO 

CM 

m 

CO 

CD 

CO 

h- 

co 

CO 

CO 

CD 

CO 

CD 

CO 

OO 

CO 

co 

CO 





CD 

O 

CO 

o 

o 

o 

o 

O 

O 

O 

I s - 

00 

GO 

00 

00 

00 

oo 

00 

oo 

00 

00 

CO 


CO 

in 



in 

I s - 

in 

CO 


o 

'T 

CM 

T— 

o 

o 

o 

o 

o 

CM 

CD 

CM 


CD 

CO 

co 

CO 

CO 

CO 


O 


CM 

O 

T— 




CM 


V 


T— 

*— 

X - 


T- 

X— 

CM 


T— 




T“ 


T- 

x— 



00 

'S' 


§4 

fi 


* 


c 

tS 


00 

o 

o 

o 


52 g § 

Sts 

s J § 

^ IJ CVJ 


m 

o 

o 


o 

o 

CM 


m 

1— 

CD 


T— 

o 


o 

r— 

m 

in 

3 

CO 

CO 

CO 

CD 

o 

o 

o 

o 

o 

o 

o 

o 

s 

o 

s 

o 

s 

o 

s 

o 

s 

o 

s 

o 

o 

ub 

o 

o 

ub 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 


00 

o 

o 

o 


o 

o 

CM 


■*5 

i 


<D O 
*o t/> ~ 

c nj 
co JC 
CO °* 

3 O 4 
ho- 

\ 1 6 1 
<? = llJ TO 

2 2q D 

15*1 

E c < £ 

Jr TO D § 

£ E £ 8> 

E _£ £ < 

^ t5 '5 O 
2 ro > U- 
^ c o) w . 

g ™ s « g 

2 ^ id <i> 2 

53 S z I 


(0 

TO 

3 

c 

E 


s is (1) 3 5 

1“ E Jo 

co ^ cm o: co 


■c 

o 

a 

2> 

£» 

£ 

TO 

C0 

3* 

TO 

"9 

r- 

£ 

LL 

t/>* 

£ 

tz 

o 

to 

X 

TO 

Ll_ 


■e 

0 
a 
a> 

1 

ro 

to 

>N 

TO 

*9 

I s - 

£ 


CO 

1 

o 

CO 

2 

TO 

Li. 


tr 

o 

a. 

S 

* 

£ 

TO 

co 

>> 

TO 

9 

2 


£ 

'C 

a 

co 

2 

£ 


I 

f 


CM 

in 

CM 

CM 

CM 

oo 

OO 

00 

oo 

m 

O’ 

m 

M- 

o- 


CO 

CO 

CO 

CO 

m 

I s - 

h- 


h- 

I s - 

r^ 

I s - 

I s - 

I s - 

h-. 

0- 

Q. 

0. 

0. 

Ql 

CL 

CL 

CL 

CL 

Q. 

co 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 


5 
.<5 

6 

S 


<5 

£ ^ 


tr 

o 

Q. 

a) 

cl 

£ 

TO 

<0 

>. 

ro 

Q 


c/> 


"C 

tr 

■e 

tr 

■c 

t 

tr 

■c 

to 

o 


o 

o 

o 

o 

O 

o 

o 

3 

a. 


Q. 

Q. 

Q. 

Q. 

Q. 

Q. 

CL 

c 

<D 

Q) 

CL 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

s 

CD 

C 

DC 

oc 

Cd 

CL 

Cd 

CL 

Dd 

Dd 



& 

& 


& 


& 

& 

*2? 

TO 

0 ) 

a 

^TO 

a 

TO 

a 

a 

‘<3 

TO 


TO 

TO 

TO 

TO 

TO 

TO 

TO 

0) 

CD 

2 

CO 

0? 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

>» 


>» 

>X 

>x 

>» 

>> 

> 

>N 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

m 

D 

•ti 

o 

o 

9 

9 

9 

9 

9 

co 

r^. 

c 

hi- 

hi- 

hi. 

hi. 

hi. 

hi. 

hi. 


tr 

o 

CL 

CD 

cd 

£ 

TO 

(0 

CL 

3 

| 

O 

LL 


5 

1 


fc £ 

Co <i 


CM 

00 

o 

o 


CO 

00 

o 

o 


3 

o 

o 


in 

co 

o 

o 


co 

oo 

o 

o 


£ 


h- 

oo 

o 

o 


I s - 

00 

o 

o 


00 

00 

o 

o 


St 
© 

.§ 

s , 

<5 

Co Q 


m 

9 




in 

9 

c 

TO 

— > 
i 

CD 


in 

9 


m 

9 


6 

CM 


6 

CM 


m 

9 


4 

CM 


in 

9 


4 

CM 


uS 

CM 


m 

9 


in 

9 


uS 

CM 


m 

o 


ub 

CM 


in 

9 


28-Jan-05 FDA Meeting Minutes FDA emails meeting minutes from 9- 

DEC-2004 end of phase 2 meeting 




cd 



C7) 

CM 

CO 

O 


CO 

CO 


CO 

CD 


CO 

00 

CM 

CM 

00 

CO 

to 

CD 

to 

CD 

CD 

to 

r-- 

to 

(0 

cn 

tT 

M - 

O) 



00 


O 

O 

CO 

co 

CO 

CO 

CM 

o 

O 

CM 

O 

o 

CO 

m 

o 

o 

o 

o 

o 


29 

00 

00 

CO 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

ft 

O .Si 

CO 

T- 




m 


c3 

T— 

CO 

to 

T~ 

in 

CO 

o 

s 

m 

m 

3 

o 

o 

o 

o 

o 

o 

*— 

CM 

^r 

cl ^ 

^ r 3 * 

CO 

CM 

CM 

CO 

CO 

§ 

T— 

h- 

r-. 

CD 

r-. 

CM 

00 

o 

M- 

M- 

O 

T - 


CO 

CM 

CM 

o 

CM 

■<*- 

T— 

T— 








T“ 




T — 

>) 

T“ 















o> 

h- 

00 

00 

r- 

o 


m 

m 

CO 

to 


CD 



rt 

I s - 

oo 

00 

r- 

CO 

5 


oo 

CD 

CD 

4 

in 

in 


O 

o 

o 

o 

o 

o 

o 

o 

r- 

O 

o 

o 

o 

o 

$0 £ 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

§ | 

g 

g 

g 

g 

g 

g 

g 

S 

2 

g 

s 

g 

s 

S 

O 5 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

£ 

















tZ 

tz 







tz 







o 

o 







o 







Q. 

a. 







CL 







£ 

£ 







£ 






















Q) 

0 ) 







V 







TO 

TO 







TO 







V) 

</) 







cn 





a 


>* 

>* 







X 







ro 

TO 







TO 







9 

9 







9 







I s - 

h- 







h- 





s 


< 

< 







< 





ft 


G 

G 







G 





3 


Li. 

LL 







LL 







cn 

e 

cn 

e 

•n 







cn 

£ 





>> 


■C 







c 





■g 


O 

O 







O 





£ 


cn 

2 

cn 

2 







cn 







X 

X 







X 







to 

TO 







TO 







LL 

U. 







U. 





.ft 
















m 

m 

CM 

CM 

in 

00 

00 

in 

in 

00 

oo 

CM 

CM 

CM 


m 

m 

o- 


LO 

CO 

to 

m 

m 

CO 

CO 

•<T 

o- 



h- 

h- 

r- 

I s - 

I'- 

I s - 

r-. 

r- 

h- 

r- 

h- 


h- 

h- 


0 . 

Q_ 

Q. 

CL 

LL 

CL 

CL 

CL 

CL 

CL 

Cl 

Q_ 

0 . 

0 - 


co 

00 

CO 

CO 

CO 

CO 

CO 

(0 

CO 

CO 

CO 

CO 

CO 

CO 

>* 















>> 






tz 

rz 

rz 

■tr 



rz 

tr 

tr 







o 

o 

o 

o 



o 

o 

o 







Q. 

Q. 

CL 

a 



a. 

Ol 

a. 


•*-> 

tr 

■c 

rz 

tz 

<D 

0 ) 

0 

a> 

rz 

tz 

<d 

a> 

0 ) 


T_ 

o 

Q. 

(L 

o 

CL 

0 ) 

o 

Q. 

<D 

o 

CL 

0 ) 

o 

Q. 

<u 

CL 

CL 

£* 

CL 

£* 

CL 

o 

CL 

a> 

o 

CL 

£ 

CL 

& 

CL 

CL 


cl 

cl 

CL 

CL 

£ 

S 


£) 

CL 

CL 

£ 

£ 


ft 

C*. 

X? 

<u 

(D 

* 

<L> 

cd 

TO 

CO 

TO 

CO 

TO 

CO 

TO 

CO 

a) 

0) 

TO 

CO 

TO 

CO 

TO 

CO 

.<2 

£ 

to 

TO 

«£- 

TO 

*— 

TO 

CL 

CL 

Q. 

CL 

*♦— 

TO 

TO 

CL 

CL 

CL 

c 

to 

C/5 

00 

00 

CO 

CO 

3 

J 

3 

J 

3 

J 

3 

i 

CO 

CO 

3 

1 

3 

J 

3 

• 

s ^ 


>% 

>s 

>* 

>» 

5 

? 

? 

? 

>> 

>* 

s 

? 

$ 

■ft ft 

TO 

S 

to 

TO 

TO 

TO 

o 

O 

O 

O 

TO 

TO 

_o 

O 

O 

3 £ 

G 

Q 

Q 

G 

o 

o 

O 

o 

G 

G 

*5 

o 

o 

c 

N. 

r^ 

ri- 

ri. 

LL 

LL 

LL 

LL 

hi. 

r- 

LL 

LL 

LL 

5 















ft 















ft 















ft 















ft 















ft 































o> 



o 

o 




T— 


CM 

CO 

CO 

CO 

> 

00 



CD 

CD 

5 

o> 

O) 

CD 


CD 

CD 

CD 

CD 

S ft 

o 



o 

o 

O 

o 

O 

O 


o 

o 

O 

O 

3 1 

o 



o 

o 

O 

o 

O 

O 


o 

o 

o 

o 

ft 















.ft 















£ 

m 

m 

m 

m 

m 

m 

in 

in 

in 

m 

m 

m 

in 

in 

•S3 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

s* 

c 

jo 


a 

-Q 

_o 

-Q 

JQ 


X) 

A 

X) 

A 

A 

ft &\ 

(0 

0 ) 

<D 

CD 

< 1 ) 

Cl) 

0 ) 

0 ) 

a> 

a) 

0 ) 

0 ) 

O 

d) 

•ft § 

—> 

u. 

LL 

LL 

LL 

U. 

LL 

LL 

LL 

LL 

LL 

LL 

LL 

LL 

ft Jg 

06 

t 

T— 


T— 

,1 

i 

CM 

CM 

CM 

CM 

■4 

4 

3 

3 

4 


CM 

o 

O 

o 

O 

O 

O 

O 

O 

o 

o 

o 

o 

o 


09-Feb-05 7-Day Safety Report SP768 Fax Ms. Griffis, FDA, 7-day safety report 2005-00119 110403/80108 









Submission Serial Submission CIOMS CIOMS 

Date No Location Type Study No Title / Pescri£tion Mfr Control No Subject No 

14-Apr-05 0115 Follow-up Safety Report SP742 2004-00428 14309/80133 


CO 

CO 


CD 

T— 

o 


CO 

o 

CO 


CD 

CO 


CO 

to 

'M' 

o 

o 

o 

T- 


00 

CO 

00 



CO 

CO 

CO 



o 

o 

o 



CO 

3 

00 


o> 

h- 

CM 

CM 

00 

to 

o 

s 

o 


to 

o 

s 

00 


o 

to 


CO 

o 

to 

o 


to 

I s - 

o 


o 

00 

CO 

o 

CO 

CD 

o 


o 

00 

00 

o 

CO 

CD 

o 


I s - 

s 
00 
•— « 
CM 

o 

I s - 

00 

o 


I s - 

o 

CO 

CD 

CO 

CO 


to 

CO 

m 

m 

00 

I s - 

I s - 

o 


o 

CM 

3 

CM 

m 

I s - 

r^ 

m 

T— 


CO 


CO 

CO 

CO 

CM 

CO 

co 

CO 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

s 

s 

s 

s 

s 

s 

s 

s 

° 

s 

uS 

S 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 


0 

1 


£ 

o 


5 

c 

5 

a> 

Z 


>» 

to 

5 

6 

LL 

co 

£ 

c 

O 


to 

to 

r^ 

00 

00 

00 

m 

5 

o 

in 

00 

CO 

00 



m 

to 

to 

to 

m 

CO 

T— 

to 

to 

to 

I s - 

I s - 

I s - 


h- 

h- 

I s - 


00 

to 

I s - 

I s - 

I s - 

0. 

0. 

0. 

a. 

0. 

0. 

0. 

0. 

a. 

0- 

0. 

a. 

a. 

00 

00 

CO 

00 

00 

CO 

00 

00 

00 

(O 

CO 

CO 

CO 


tr 

o 

CL 

a> 

(X 

£ 

co 

CO 

CL 

o 

t 


■e 

o 

CL 

CD 

(X 

I* 

CO 

co 

CL 

=3 

S 

o 


a> 

E _ 
•o o 

S ^ 
E S 
< 8 
81 

Is 

0 . z 


tr 

o 

CL 

CD 

(X 

& 

£ 

CO 

CO 


•e 

o 

a 

<D 

(X 

£ 

CO 

00 

a 

D 

£ 

O 


0 

CL 

0) 

a: 

1 

CO 

CO 

a 

0 

1 


-e 

o 

CL 

CD 

0£ 

* 

£ 

<0 

CO 

>» 

(0 

o 


■c 

o 

CL 

£ 

£ 

CO 

CO 


■c 

0 

CL 

£ 

1 

CO 

CO 


■e 

0 

CL 

a> 

(X 

$ 

to 

CO 

CL 

3 

1 


■e 

o 

CL 

0) 

a; 

£ 

C0 

CO 

>> 

CO 

Q 


■e 

o 

CL 

(D 

a: 

* 

£ 

CO 

(0 

>> 

CO 

Q 


o 

CL 

Si 

& 

£ 

C0 

CO 


CD 

*-* 

o 


<13 

T— 

o 


I s - 

r- 

O 


CO 

V 

o 


CD 

T“ 

o 


CM 

O 


CM 

O 


in 

9 


m 

? 


S I 


in 

m 

m 

m 

m 

m 

in 

m 

m 

m 

in 

9 


9 

9 

9 

9 

9 

9 

9 

9 

9 



>N 


>. 

>> 

>> 

>» 


>s 

>* 

Q. 

Q. 

CO 

CO 

co 

CO 

CO 

CO 

CO 

CO 

<0 

< 


s 

5 

s 

5 

2 


2 


2 

t6 

ub 

CM 

CM 

CM 

i 

• 


6 


4 

CM 

CM 

O 

O 

O 




CM 

CM 

CM 


Monday , November 10, 2008 IND 68,407 Page 18 of 68 




Monday , November 10 , 2008 IND 68,407 Page 19 of 68 






sf 

I a 


CD 

in 

CM 

o 

00 

o 


CN 

00 

CO 

O 

00 

LO 

o 

CO 

CM 


O 

O 

CO 


I 

§ - 
I .§ 


s 

s 

o 

lA 

o 

o 

CM 


CO 

s 

S 

o 

o 

CM 


s: 

•a 

f 

8 


0 

e _ 

p 

o 2 

| *4- 

o 

05 c 
o.9 
c ro 
o c 

To | 

E | 

TO Q) 

> *o 


o 

? O 

«i 

I s 

JS co 
i Q -'o 
c c 
<0 co 
E cn 

3 £ 
■C CL 

c E 

« s 

O 0 

II 

§ I 

c fc 

85 


CO 

CO >* 

>> T3 

(0 3 
CO 

(D o 

.E 0 

SI 

2 E 

O CO 
{/) 

£0 

CO 

to C 
to 3 

« -D 
T3 £ 

0) CO 

TO TO 

."9 £ 

05 co O 
5 TO CO 
^ Q. CO 

U ftCL 
£ o co 


O 0 

3 « 

TO o 

f ™S 
_ ■ — .. 

: o 

l CO 
00 


s 
0. 

CO 

I o I « § 

N- 0- •— i- 

I ro| > 

WEra 

^ “ O _ 
CO 
CO 


■5 gw. 


>% 

T3 

13 


£ Q. 

.O ~ 


0 

,*o 


To 2 E E | 

E ^ o o T 


u cn S q 
£ § t> J2 
0^4? 


8 0 
— o> 


§-®i 

S - ™ -O 

ill 8 

.300 
C 0 - 

0^8 
■a •- ~ 

£ o 0 
0 ~ c 


I 4 

E -o ■£ 
.£ .9 ro = 
3* To 0 t 


_ LU 

c f? 5>< 


V o 


I C v> 

c o o 
O 0 0 
C ’£ TO 
- TO r- 
C Q. £ 

«eS 

0 3 £ a 


5 ® ? c 

I '5 

.5^0 

•| i 1 1 
f « g X 

o ra ■§ 

05.S.3-S 

c o fc ^ 

l 3 8i 

co a) to .£ 

CT> TO 0 0 £ 

O 0 E 0 TO 
O **- TO TO 0 
«- T) Q. C 0 

■5 g .6 I € 


mi 

S ro g S 

|B8lj 

a; 0 o 0 E 

i!2l« 

•£3 0 < <0 C 

S =sl ™ 

■i § 


75 i- <5 - 

3-s 

? I i 1 
£ i 5“ jd i 

j£ ro S w 5 

Q 0 co o O 
LL 3 TO Q. O 


3 

3 


3 


co 

o 


CO 

CO 

8 

1^- 

00 

CO 

r^- 

CO 

§ 

CM 

s 

a. 

0. 

0. 

m 

Q_ 

w 

co 

CO 

r^. 

CO 


c 

0 

E 

■o 

c 

0 


5 

1 

III 

3 Kf 


CO — 

i s 

£ O 


n 

0 

CL 

0 

CL 

& 

1 

C/3 


o 

CL 

0 

q: 

TO 

CO 

CL 

=3 

| 

O 

LL 


■e 

o 

CL 

0 

C£ 

3 

TO 

</) 

a 

0 

1 


>s 
~ O) 

c o 

11 

"5 x 

S£ 

<1 

I 8 

TO 2 

g | 

o TO 

«c 
£ CL 


c 

0 

E 

T3 

C 

0 

I 


CO — 

i 5 

3 E 

-E a 


o 

CL 

0 

t 

o 

O 


5 

1 

© 

^4 


s 

CL 


St 

*»»™ 

.§ 

S 

<5 

>1 




ro 

M- 


m 

2 

3 


a 


? 


m 

o 


co 

o 


| 

o 


in 

2 
3 
— 5 

ub 

o 


| 

o 


in 

2 

3 

-3 

ub 

o 


in 

2 

3 

-o 

1^- 

o 


5? 


in 

2 


00 

o 


in 

2 

3 


Monday , November 10 ; 200# /TV/) 68,407 Page 22 of 68 




Monday, November 10, 2008 IND 68,407 Page 23 of 68 







08-Aug-05 0161 Information Amendment: Submit revised CMC information for drug 

CMC Data substance and drug product with 
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Pharmacology/Toxicology on harmaline-induced tremors in rats 
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12-Sep-06 0285 Information Amendment: LPT 17964/04 Acute toxicity study of SPM 927 by single 

Pharmacology/Toxicology oral administration to CD rats 
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12-Sep-06 0285 Information Amendment: Olney Evaluation of the potential of SPM 927 to 

Phanmacology/Toxicology induce acute neurotoxic changes in the 

adult rat brain 
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12-Sep-06 0285 Information Amendment: 04.064/3 Evaluation of SPM 927 in a model of 

Pharmacology/Toxicology visceral pain in the rat 
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1 2-Sep-06 0285 Information Amendment: LPT 1 7963/04 Acute toxicity study of SPM 927 by single 

Pharmacology/Toxicology intravenous administration to CD-I mice 
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1 9-Sep-06 FDA Correspondence SP903 Ms. Calder, FDA, emails that CSS has 

completed its review of the abuse liability 
protocol and will send comments soon 



Submission Serial Submission CIOMS CIOMS 

Date No Location Type Study No Title/ Description Mfr Control No Subject No 

19-Sep-06 General Correspondence SP903 Email Ms. Calder, FDA, thanks for 

following up with CSS on abuse liability 
protocol review 
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Date No Location Type Study No Title/ Description Mfr Control No Subject No 

1 6-Oct-06 0292 7-Day Safety Report SP745 2005-00509 171324 
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Date No Location Type Stud y No Title/ Description Mfr Control No Subject No 

20-Dec-06 0313 Information Amendment: A45202 SPM 927: Effect on survival and 

Phamiacology/Toxicology reproduction of Daphnia magna in a semi- 

static test over three weeks 
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Date No Location^ Type Study No Title/ Pescri£tion Mfr Co ntrol No Subject No 

17-Jan-07 0321 Follow-up Safety Report SP830 2006-00495 114006 
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Submission Serial Submission CIOMS CIOMS 

Date No Location Type Study No Title/ Description Mfr Control No Subject No 

14-Nov-07 0397 Initial Safety Report 2007-00317 101904 
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and clarification of footnote in cardiac report 


3 

LL 

tD 

to 


<D 

> 

2 

< 

Q 

Z 


o 

t/> 

O 


Vi 

0) 

3 

c r 
2 
oo 
o 
o 

CM 


CO 

o 

c 

O 

c 

o 

3 

to 

o 

< 

Q 

LL 


03 

§ 


CO 

E 

LU 


O 

a> 

X* 

3 

to 

i— 

o 

to 

to 

■D 

O 

o 


Q) Jj> 


E 

X 

3 

W 


to 

c 

o 

TD 

■o 

t- CO 

2 O 

o *•- 

° » 

ll a) 


0) 

to 

§ 

to 

5 

o 

It 

to 

x 

a> 

X 


to 

E 

a> 

c 

S 


E 

s 

a> 

(0 

to 


co 

o 

o 

X 

CL 

LU 


— £ 


to 

0) 

3 

cr 

l 1 D 


cr 

2 

o 

0) 

to 

C 

o 

X 


■5 

§ 

(0 

to 

to 

X 

2 

to 


to 

2 

■a 

c 

to 

to 

-Q 

JO 

To 

> 


to 

XI 


to 

E 

a) 

00 

o 

o 

CM 


E 

to 


2 

I 


W (0 

5 w 


Q) 

to 

JO 

"to 

TJ 

to 

V 

■o 

3 


XI 

JO 

0) 

to 

3 

-Q 

to 

C 

o 




to S 


to 

o 


Q£ JO 




o 

00 

o 

3 

"O 

o 

3 

o 

o 

T 3 

Q. 

CM 

d 

O 

X 

cn 

2 


O) 

3 

*D 

N- 0 

o S 

*o 

> 

*o 

C 

to 

. d) 


2 

00 — 

X) 

o 

o >» 

c 

c 

o to 

to 

(0 


8 

c 

2 y 

f 

8 5.E 


W S’ 

W QJ 


E 

o 


cr 

0) 


to 

E 

CD 

C 

to 

> 




,0 CO -O 

0) O 0) 

is 1 

is i 

S | a 

o 

a£i 
to _ x 
2 to i2 
E 

tu 

cS 
o "i 

•} O 

to Q--CJ 

m to 
= 2-2 
cr Jr 

m O 

ifi 
o ™ 

0 t0 § 

?Eo 
o <u «V 
a-oo q: 
to o I? 
® o % 
Cl cm S 


3 


■ to 


• *g 
’> 

2 

CL 


X 

JO 

8 

C 

JO 

to 

X) 

3 

to 

a> 

3 

i— 

T3 

o 

to 

.2 

X 

X 


J2 co 

0) 
j7> 

1 x 


O 

2 

O 

jo 

to 

E 

CD 

c 

to 

> 

3 

c/> 


to 

o> 

E 

•D 

OT 

C 

E 

to 

cn 

0 


CD 

a) 


o 

"to 


to 

E 

< 

Q 


■D 

O 

O 

W 


JD 

2 

to 

a. 

a) 


to 

JO 

0 

to 

JO 

"to 

•O 


CM 

XI 

JO 

■O 

c 

to 


X 

to 


0) o o 


.t=r 

E 

X 

3 

to 

2 

o 


to 

0 

3 

y 


3 

w 


E 

to 

0 


8 S 


§" w "to 


to 

(0 

0. 

Z 

□ 

E 

o 




0 

3 

tr 

0 


to 

E 

0 

2 

I 


to 

0 

3 


to 

E 

0 

0 

I 


c 

0 

X 

to 

£ 

3 

a 

E 


to 

CD 

0 


C 

0 

E 

E 

8 

§ 

o 

CM 

d 

CL 

<? 

s 


Q- 

8 

2 

0 

I 

‘to 

E 


CO 

o 

CD 

Q_ 

in 


V 

JO 

c 

o 

O 

0 


CL 

3 


8 8 


c 

0 

cr 

0 


c 

0 

c 

0 


X 

C 

o : 

o 

c 

■O 

c 

•o 

c 

o 

c 

o 

< 

0 

o 

o 

0 

X 

to 

D 

TJ 

c 

X 

to 

X 

CO 

T3 

c 

0 

ll 

o 

0 

0 

o 

t 

o 

X 

t 

t 

X 

o 


to 

o 

o 

to 

O 

0 

fc 

O 

o 

g 

2 

0 

c 

o 

X 

o 

o 

2 

0 

2 

0 

o 

O 

c 

to 

< 

C 

C 

< 

0 

0 

Q 

0 

0 

O 

O 

cr 

Ll 

O 

o 

LL 


I 

X 

S 

a> 


0 

X 

to 

o 

c 

0 

E 

T> 

C 

0 


* 


8 

C 

8 

C 

8 

C 

8 

c 

8 

C 

T3 

C 

0 

c 

0 

*o 

c 

0 

0 

0 

0 

0 

X 

o 

T3 

T3 

U 

T3 

-o 

to 

X 

C 

C 

c 

C 

c 

to 

o 

o 

o 

O 

o 

o 

0 

X 

X 

X 

X 

X 


t 

to 

to 

to 

to 

to 

e 

Q 

fc 

0 

k. 

2 

t_ 

t 

t 

0 

E 

o 

o 

o 

o 

o 

o 

to 

k_ 

0 

c 

o 

O 

u 

o 

o 

*o 

c 

< 

< 

< 

< 

< 

0 

O 

Q 

Q 

Q 

Q 

E 

0 

LL 

LL 

LL 

LL 

LL 

< 

o 


CD 

O 

O 

O 


h*> 

o 

o 

o 


00 

oo 

00 

00 

oo 

oo 

00 

oo 

00 

00 

00 

oo 

OO 

OO 

00 

? 

? 

9 

9 

9 

? 

? 

2 

2 

? 

9 

9 

? 

2 

9 

to 

to 

to 

to 

to 

(0 

to 

CO 

to 

to 

to 

X 

X 

X 

X 


? 

? 


? 

5 


? 



*? 




<f 

r- 

o 

o 




CO 

o 

o 

o 


CM 

CO 

to 

M" 

o 

■»— 



r~ 

t— 


CM 

CM 

CM 

CO 

O 

O 

o 

O 


04-Apr-08 General Correspondence Email Ware agreement to be available 07-APR-2008 between 1pm and 3pm to discuss internal 

FDA meeting 


* 

*5 

si 

jul 


=s 

o 

-Q 

TO 

TO 

03 

CL 

TO 

O 


i 

«> 

JO 

<0 


>% 

CO 

T3 

O 


03 

% 

C 

c 

o 

‘to 

</> 

E 

= .s 

o> $ 

If 

-Q (0 

-£2 E 

ss 


« E 

to P 
E 
0) 

0) 


03 


TO 
03 

_ "<0 
03 *0 

§ 3 


CO 

c 

o 

-O 

CO 

to 

•O 

■Q 

CO 

03 

(0 


5 


8 32 


I 8 


> c 

I 8 


CO 

O 

o 

CM 

cl 

Q. 

< 


o 

JO 

E 

ST 

§ 


8 

t 

CO 

T5 

9? 

to 

| 

CO 

E 

LU 


■d 

03 

C/> 


03 

cn 

CO 


O) 

c 

*D 

3 

o 

X 

03 


J5 


> 

0 

QC 


« £ 2 


TO 

V) 

00 

o 

o 

s 

D- 

<? 

CM 

o 


03 

03 

TO 

| 

TO 

E 


CL 

D 


X3 

C 

CO 


cn 

-Q 

3 

cn 

O) 

E 

•o 

c 

O 

00 

o 

o 

CM 

cl 

CL 

< 


I s 


03 

cn 

c 

o 


cr 

o 


>>CL 


e 


cn 

fi 

e c 

TO O 

S 5 

I| 

tn £ 


CL 

Q_ 

< 


3 ? 

8 TO 

TO -O 

O & 

■*-' TO 

fi E 

3 03 

8 -o 


00 

O 

o 

CM 


> J2 

> CL 


6 

CM 


TO 

*3 

k_ 

03 

ti 

03 

O 

2 

o 


TO 

TO 

03 

3 

cr 

03 oo 

o § 

~ CM 
TO • 

03 CL 
TO Q_ 

03 

i- T3 
03 C 

■o 

> « 

o o 

i* O 
CL CM 


O 

r- 

T3 

c 

TO 

CD 

O 


TO 

Q. 

O) 

C 

~2 

TO 

O) 

e 

E 


u 

TO 

CL 

Z 

Q 

E 

o 


O" 

p 


TO 

E 

03 

03 


E 

TO 

03 

i 

03 

> 

03 


CL 

Z 

Q 

E 

o 


TO 

E 

03 

CD 


CD 

O 

00 

00 

oo 

CO 

o 

TO 

!cT 


TO 

3) 

03 


TO 

03 


O O 
5 = 

o 


o 

TO 

z 

G 

E 

p 


cr 

03 

■8 

TO 

E 

03 

03 


§ § 


I 

* 

3 


U> S L: 
h- h- 

0. Q. P? 


C/> CO 


W 


£ 

5! 

•2 

.8 


•c 


$ 


* 


8 8 8 


03 

■o 

C 

o 

CL 

TO 

fc 

O 

O 

3 


03 

T> 

C 

O 

CL 

TO 

fc 

O 

O 

< 

Q 


03 

*o 

c 

o 

CL 

TO 

ll 

O 

O 

< 

G 


c 

03 

TJ 


TO 

b 

o 

o 

TO 

03 

c 

03 

O 


03 

•D 

C 

o 

CL 

TO 

b 

O 

O 

< 

Q 

UL 


C 

03 

■D 

C 

O 

TO 

b 

o 

O 

E 

03 

c 

03 

o 


2 

cn 

c 

T3 

C 

03 

Q. 

TO 

O 


03 

E 

•o 

c 

03 


00 

o 

o 

o 


8 8 


c 

03 

X> 

c 

o 

CL 

TO 

2 

k- 

O 

o 

S 

03 

C 

03 

o 


c 

03 

■o 

c 

o 

& 

tz 

o 

O 


03 

O 


CL 

CL 

< 


T3 

C 

03 

a 

TO 

O 


03 

E 

-o 

c 

03 

E 

< 


a> 

o 

o 

o 


c 

03 

■a 

c 

o 

CL 

TO 

b 

o 

O 

3 


CL 

a. 

< 


-o 

c 

03 

0. 

TO 

O 

C 

03 

E 

-o 


03 

TJ 

C 

o 

a. 

TO 

b 

o 

O 

< 

G 


O) 

c 

T3 

C 

03 

CL 

TO 

O 


03 

E 

-o 


I 


o 

o 


8 8 


03 

T3 

C 

o 

CL 

TO 

03 

b 

o 

O 

< 

Q 

LL 


03 

*o 

c 

o 

CL 

TO 

b 

o 

CJ 

< 

G 


5 

Q 


CO 

9 

Cl 

s 


? 

I 


00 

2 

I 


oo 

9 


oo 

9 


00 

2 

CL 

o 


00 

2 

CL 

5 

03 

O 


00 

? 

CL 


00 

2 

CL 

< 


00 

9 

CL 


OO 

2 

CL 

*¥ 

CD 


00 

2 

CL 

OO 


oo 

9 

Q. 

3 


00 

2 

CL 


00 

? 

a. 

CM 


00 

2 

Cl 

CM 





> 


28-Apr-08 General Correspondence Email Ware Schwarz commitments following 23-APRIL-2008 teleconference regarding oral 

syrup dosing 


CT 


£ 

C 

CD 


CO 

cu 

.a 

fc 

CO 

c 


IS 

01 

CT 

O 

5 

O 


c « 




*S 

Si 


co 

E 

0) 


3 

CO 


TO 

CT) 

£ 

to 

0) 

3 

cr 

a> 


CO 

E 

a> 

GO 

O 

O 

eg 


cl 

CL 

3 

eg 

o 


c 

o 

a. 


to 

•e 

to 

Q. 

£ 

CO 

I 

CO 

E 

UJ 


0) 

E 

CO 

co 

03 

Vi 

< 


> 

c 

HI 


£ o 

| § 

a| 

ll 

C 


£ "5 

CT co 

§ £> 

£ S 


<D 


eg 


4) 


4 Si 

E to 

0 ) *^3 

s s 

§ -O 
= *b 
3 Q 

(0 o 


■£ eg 
fc ^ 
2^ 
0)^0 
■-C3 (/) 

*1 o 

J o 

O’ LU 
0) . - 
(/> 

i * 

3 g 

18 

c uj 

« o 
£ u 
CL co 
z ^ 

ej 

TI Q) 
to 

CD CT 

|I 

JSl 
E o 

<D CO 
CD ^ 

li 


CO 

E 

Q) 

00 

O 

O 

eg 


DC 

CL 

<? 

cn 

eg 


ct 

a> 

to 

a> 

3 

CT 

£ 

CO 

J 

t! 

CO 


0) 

■a 

I 

a 

TO 

c 

CO 

CO 

E 

03 _ 

8 ? 

o E 

eg 03 

a 


C CO 

o o 

to c 
fl) ~ 
3 CT 
cr a; 
to 
a) 


8 


c cr 

‘o £ 

C 

o c 
c g 
o E 

CO 

■a co 
c 4 > 
o « 
a. £ 
co ro 


E 

CO 

Q> 

.1 

c 

t3 

co 

0. 

Z 

Q 

E 

o 



& 

^ > 


X) 

n c 


a> 

2 CD 

eg 

co 

CD O 

In 

§ 

co 

c c 

eg 


o o 

< 1 — 

’co 


s 

E 

CO ■— 
CD > 

r^. 

Ul 

CL £ 


<d ii 


<u 

3 

cr 

(D 


.9 

co 

£ 

CD 

cd 

I 


cn 

cn 

eg 


< 

□ 


ct 

c 

CO 

8 

eg 


2 

Z 

o> 

c 

2 

CO 

ct> 

a> 


<o 

o 


co 

in 

o 

a) 

S' 

3 


CO 

CT) 

s 


cr 

e 

CO 

E 

Q) 

oo 

O 

o 

eg 


S" to 


£ 

CO 

B » * 


co 

o 

sn 

oo 

oo 

cn 

tj 

(D 

S' 


DC 

CL 
< 
cn 
eg 
o 

50 cn 


co 

E 

u 


5 

0 ) 

■> 

£ 

£ 

to 

E 

a) 

■5 

E 

0 
*b 

to 

a) 

3 

cr 

£ 

’co 

E 

a; 

£ 

1 


E 

d) 

oo 

o 

o 

eg 


E 

o 

**— 

■a 

c 

CO 


■o 3 ~ 

is ♦ i in 


■e 

o 

a. 

£ 

< 

£ 

co 

§ 

CO 

E 

Ul 


o 

3 

cr 

cd 


co 

£ 

a> 

00 

o 

o 

eg 


a> 

jo 

E 


CO 

CD 

3 

cr 

9> 


m 

a 

UJ 

CT 


CO 

CL 

Ul 

co 

JD 

CO 


CO 

T5 


c 

0 ) 


8 

a) 

0 ) 

to 

a> 

cn 

cn 


ct 

c 

CO 

to 

0 ) 

3 

cr 

a> 


co 

E 

CD 

CO 

O 

O 

eg 


s 

f"- 

ts 

0) 

S' 


cn 

c 

E 

CO 

CT) 

<D 


CO 

E 

03 

00 

O 

o 

eg 


I s - 

o 


cu 

§p 

|fi 


CO 

CD 

w 

eg" 

CO 

c. 

o 

c 

CO 

T— 

12 


*E 

CO 

CT) 

£ 

£ 

8 

CT 

£ 

00 

o 

CD 


E 

2 

CO 


o 

to 

3 

CO 

CD 

J 

3 


CO 

CO 

]E 

13 

o 

9 

O 

CD 


M 


o 

3 

_a 


O 


>- 

co 


3 


JO 

TO 

CT 

O 

o 

TO 

CL 

£ 

E 

o 


c 

o 

c 

JO 

o 


■o 

CD 

CD 

CO 

CD 

to 

■o 



eg 

Q. 

CO 

(D 

CD 

O 

CD 


to 

CO 

c 

CO 

c 

O 

o 

to 

CD 

▼— 


Sb 

CO 

c 


CD 

o 

o 

O 

to 

3 

o 

to 

3 

o 


3 

CT 

£ 

a. 

CO 

£ 

CL 

CO 

£ 

Ul 

■CT 

C 

CD 

3 

CT 

CT 

£ 

CD 

CO 

c 

CT 

TO 

CL 

(0 

o 

c 

CL 

CO 

£ 


£ 

£ 

£ 

CO 

£ 

if) 

O 

Q, 

£ 

CO 

£ 


CO 

§ 

TO 

§ 

CO 

5 

CO 

Ll 

Q£ 

O 

TO 

§ 

CO 

E 

CD 

fl) 

CO 

£ 

CO 

TO 

5 

(D 

co 

c 

o 

CO 

§ 

£ 

co 

CT 

TO 

TO 

TO 

TO 

3 


TO 

Q_ 

CO 

‘(j 

E 

E 

E 

CT 

c 

E 

> 

CT 

CO 

E 

CO 

E 

*3 

Ul 

UJ 

UJ 

CO 

LU 

s 

Cl 

UJ 

£ 

Ul 

CO 


I 

t 

53 


n 

•S 

I 

>s 


I 


v. 


CD 

O 


-Si 

?3 


I 1 

I i 


i | 

* I 



CT) 

C 

CO 

CD 

3 



co 

0 

3 

CT) 

c 


8 



CT 

CT 



CT 

CT 


C 


8 

C 

CD 

£ 

£ 

a) 

C 

£ 

0) 

£ 

c 

a> 

CD 

a 

CL 

<£ 

CJ 

c 

CD 

CO 

c 

CD 

CL 

< 

CD 

0. 

CJ 

c 

CD 

CT 

C 

o 

CJ 

c 

CD 

CT 

c 

CO 

Q 

CT 

C 

CT 

c 

Q 

CO 

CT 

C 

CL 

CO 

CT 

c 

o 

o 

u 

o 

o 

U 

o 

o 

CD 

o 

& 

'c 

o 

CL 

CO 

& 

o 

c 

CL 

CO 

b 

o 

CL 

CO 

1= 

o 

CD 

E 

i 

c 

§ 

O 

e 

o 

CD 

CO 

c 

CD 

E 

£ 

o 

a 

£ 

o 

O 

CT 

c 

o 

o 

O 

o 

CT 

C 


a3 

c 

O 

< 

CD 

CL 

CO 

< 

< 

Q. 

CO 

CD 

< 

< 

Q 

5 

CD 

a 

Q 

CD 

E 

O 

CD 

Q 

LL 

< 

CL 

u 

U. 

£L 

< 

u 

O 

u 


OO 

? 

a. 

f 

cn 

eg 


oo 

? 

Q. 

CO 


00 

? 

a. 

5 

o 

CO 


oo 

9 

>» 

CO 

? 

CD 

o 


00 

9 

>» 

CO 

s 

o 


oo 

% 

CO 

o 


00 

% 

CO 

<Ji 

o 


00 

9 


00 

% 

CO 

5 


oo 

t 

CO 


w 

0 ) 

3 

a- 

03 

IL 

< 

Q 


c 

o 

CL 

C/> 

03 

CL 


8 

c 

CD 

TJ 

c 

O 

CL 

C/J 

b 

o 

O 


cu 

O 


oo 

9 


Vi 

03 

3 

CT 

03 

CL 

< 

Q 

u 

o 


c 

o 

CL 

10 

a> 

CL 


00 

t 

CO 


00 

% 
CO , 


CO 

cu 

3 

CT 

03 

CL 

< 

Q 

LL 

O 


o 

Q. 


03 

CL 


8 

C 

CD 

-o 

c 

o 

Cl 


O 

O 


CD 

O 


00 

9 

>. 

CO 


00 

9 

>> 

CO 

ub 


CD 

T3 

c 

o 

& 

!= 

o 

O 

< 

Q 


CO 

CD 

3 

CT 

CD 

CL 

< 

O 


CD 

CO 


O 

a_ 


CD 

CL 


(0 

CD 

3 

CT 

CD 

CL 

< 

O 

LL 

O 

CD 

10 

c 

O 

CL 

CO 

CD 

0 £ 


00 

CO 

ub 


oo 

9 


00 

9 


§ 

> ^ 

1 

SI 

1^ 


'I 

ll 




CO 




O 




00 


CO 

c 

00 


o 

o 

00 


oo 

c 

If) 


CO 

o 

rs 

CO 

00 

If) 

TO 

c 

TO 

S' 

o 

in 

o 

E 

r» 

3 

(A 

00 

TO 

'S' 



o 



</) 


(/> 

d> 


c 

o 

TO 

£ 


0) 

3 

c 

CD 

-o 


o 

TO 

c 

W) 

<D 

3 

O’ 

TO 

■D 

c 

TO 

E 

TO 

(/> 

c 

0) 

<D 

Cl 

8 

o 

w 

o 

Q. 

*“ C/> 

■O c 
c o 

TO 

*0 

TO 


O 

t- 

o 

| s 

c 

C 

o 

3 

o J2 
TO TO 

TO 

O 

TO 

i 

E 

"to 

TO • - 
w TO 

O TO 

Q. 

TO 

</) 

o 

c 

c 

TO 

— -o 

TO 

O & 

3 

A 

TO 



O 

o> > 

C/> 

TO 

c 

Q. 

jz S 

CO 


L_ 

TO 

c 

o 

e 

TO 

Q_ 

s_ 

TO 

TO 


~o 

a. 

TO 

TO 

T3 

c 

t7) 

C 

o 

a. 

</> 

V) 

TO 

t 

o 

C 

o 

a. 

CO 

O 

C 

C 

o 

Q. 

<0 

O 

O 

TO 

TO 

3 

sr 

§ 

O 

S 

TO 

c 

e 

C 

o 

£ 

o 

75 

o 

c 

o 

JC 

O) 

O 

C 

O 

c 

O 

a 

c 

< 

c 

< 

TO 

< 

< 

TO 

Q 

TO 

Q 

E 

Q 

Q 

TO 

u_ 

o 

LL 

< 

LL 

LL 

2 


00 

00 

OO 

00 

oo 

00 

OO 

00 

9 

9 

9 

9 

9 

9 

9 

9 

>. 

>* 

>» 

>» 

>> 

>» 

> 

>» 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 


5 

2 

2 

2 

2 

2 

2 


4 

CM 

r*) 

c<*> 

r^- 


o 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 


00 00 

9 9 


4 <6 

o o 


10-JuMD8 General Correspondence Email Ware response to multiorgan hypersensitivity issue raised in 06-JUN-2008 email, 1 1-JUN 
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